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Total knee replacement (TKR) remains the treatment of choice for severe end-stage knee 
osteoarthritis, which is unresponsive to non-operative management, leading to a higher quality of 
life, less pain and better mobility. The predicted rise in rates of knee osteoarthritis due to obesity 
and an aging population will be matched with an increased number of TKR procedures being 
performed. Despite TKR being cost-effective at an individual level, the societal financial burden 
from a surge in TKR rates is of significant concern. Healthcare stakeholders are increasingly 
focused on resource efficiency, and with acute-care and rehabilitation expenditure comprising a 
sizeable portion of the costs associated with TKR, there is attention on the value of rehabilitative 
care. 
 
Despite physiotherapy being considered as a routine part of TKR rehabilitation, considerable 
variation in practice exists. This thesis explored the literature for evidence concerning rehabilitation 
protocols and discharge destination associated with TKR surgery (Chapters 2, 4 and 5). Clinical 
research was then conducted in the areas identified to be lacking, including both physiotherapy 
intervention and patient factors predictive of discharge destination (Chapters 3 and 6).  
 
The findings of this thesis highlight the paucity of evidence currently available to guide 
physiotherapists on “best-practice” rehabilitation after TKR surgery. Existing literature primarily 
focuses on passive modalities such as continuous passive motion (CPM), with a shortage of 
evidence to be found concerning active exercise interventions which form the basis for most TKR 
physiotherapy protocols. As part of this thesis, a randomised controlled trial (RCT) was conducted 
on differing physiotherapy exercise protocols after TKR surgery, identifying that a simple three-
exercise bike pedalling protocol was superior to a standard multi-exercise physiotherapy regime. 
iii 
 
Despite growing evidence that early discharge after TKR with a home-based exercise protocol 
provides better outcomes without increasing complications, a significant proportion of patients still 
discharge to an inpatient rehabilitation facility. This thesis identified that although demographic 
factors such as age and social support have been shown to be predictive of inpatient rehabilitation 
discharge, the most predictive factor is a patient’s belief about the superiority of inpatient 
rehabilitation and the perceived challenges of completing their rehabilitation at home.  
 
Predicting those patients that are most likely to discharge to inpatient rehabilitation after primary 
TKR allows for early, targeted interventions to optimise resource allocation and increase likelihood 
of home discharge. The identification of patients that have concerns about returning directly to 
home after TKR provides an opportunity for discussion and reassurance regarding the assessment of 
readiness for home discharge, and the positive evidence for the efficacy of home-based exercise 
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CHAPTER 1: Introduction 
 
1.1 Knee Osteoarthritis  
 
Prevalence and impact  
Knee osteoarthritis (OA) is the most common form of OA and is a leading cause of pain and 
disability worldwide, ranked alongside hip OA as the 11th highest contributor to global burden of 
disease (1-3). Knee OA is a degenerative joint disease and is characterised by pain, joint instability, 
stiffness, functional limitations and radiographic joint space narrowing (4, 5). The prevalence of 
knee OA is rising in line with an increasing aging population, with the United Nations reporting that 
by 2050 people aged over 60 will comprise more than 20% of the world’s population (6). Risk 
factors for knee OA other than older age, include obesity, female sex, physically demanding 
occupation, previous knee injury and a genetic predisposition (7-10).  
 
Obesity   
It is predicted that if recent trends continue, up to 58% of the word’s adult population would be 
considered overweight or obese by the year 2030, compared with 33% in 2005 (11). The causal 
relationship between obesity and knee OA has been well established, with obesity being a risk 
factor for both the incidence and progression of knee OA (12-16). Obese individuals are diagnosed 
younger with knee OA and experience more severe pain than those in a normal weight range (7, 17, 
18). Mechanical joint loading and metabolic factors in the obese have been shown to increase 
overall risk for developing knee OA (17, 18). For every 5kg increase in body weight there is a 36-
fold increase in the risk of developing knee OA and an obese individual is over 4 times more likely 




Previous knee injury 
Although knee OA is predominantly considered to be a progressive disease in the elderly, athletes 
and younger individuals are also susceptible. It is reported that previous joint injury is the greatest 
risk factor for knee OA development in younger adults (21). In athletes, the increased loading of the 
knee joint and frequency of impact increases the potential for damage to the joint cartilage, 
moreover, athletes are more likely to sustain a significant knee injury than the average individual 
(22). Sports injuries to the knee such as those to the anterior cruciate ligament and meniscus are 
associated with a high risk of development of knee OA, and it’s estimated that up to 50% of 
individuals diagnosed with these types of injuries will have OA 10 to 20 years later (8, 23, 24). 
 
Economic burden 
The socioeconomic burden of OA is substantial and is increasing globally from both direct and 
indirect costs. Direct costs are those associated with health-care and medical treatment, where 
indirect costs include work absenteeism, disability pensions, and care-giver time. However, 
intangible costs such as decreased quality of life and mental health, which are harder to quantify, 
should also be accounted for (25, 26). The combined direct and indirect cost burden associated with 
hip and knee OA has been estimated to be as high as €817 billion (EUR) in Europe and $200 (US) 
billion dollars in the United States annually (27, 28). In Australia by the year 2030, the direct 
healthcare costs associated with OA are predicted to exceed $2.9 (AUS) billion, but with indirect 
costs not accounted for, the true financial burden will be much greater (29).  
 
Although age, gender and hereditary factors that increase the risk of developing knee OA are 
considered static, obesity is modifiable, and the incidence of youth sports injuries could be 
potentially decreased with preventative programs. The global prevalence of OA and the resulting 
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economic burden spotlight current management strategies and guidelines for both the prevention 
and treatment of knee OA.  
 
 
1.2 Non-surgical Management of Knee OA  
 
Non-surgical (conservative) management for knee OA is considered first-line treatment. Guidelines 
for non-surgical management include weight loss, exercise prescription, disease relevant education 
and self-management support along with appropriate analgesia (30-32).  
 
Exercise and weight loss  
When weight loss is combined with exercise in older adults suffering from knee OA, a 30% 
reduction in pain scores has been seen, with those results persisting for up to 18 months (33). These 
results add to a growing body of evidence that support the combination of weight loss with exercise 
as a primary management strategy in treating older obese adults with knee OA (34, 35). Even in the 
non-obese, there is substantial evidence that an exercise program consisting of lower limb strength 
and general aerobic activities can lead to improved knee pain, physical function and quality of life 
for those living with knee OA (36).  
 
Self-management plans 
Education can take on many forms in relation to knee OA, however, there is evidence 
demonstrating individualised instruction on joint protection and the promotion of self-care, advice 
on management of activities of daily living, and psychosocial interventions can have a positive 
impact on those living with this chronic disease (30, 37, 38). It has been shown that an 
individualised self-care education program for those with knee OA can result in improved disability 
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scores, decreased resting knee pain and fewer primary care visits, when compared to standardised 
group education (39, 40). Additionally, a self-management plan for people with knee OA that 




Currently, the pharmacological treatment of knee OA is aimed towards symptomatic therapy to 
maximise mobility and function of the patient (42). Although historically paracetamol has been 
widely recommended as a first-choice analgesic for knee OA, recent evidence suggests the effect of 
paracetamol on knee OA is minimal (43, 44). Paracetamol is relatively low cost and often presumed 
to be safe, however, paracetamol is the most frequent cause of drug induced liver injury in the 
United States, which raises questions over its routine and chronic use (2, 44, 45). Many guidelines 
recommend topical nonsteroidal anti-inflammatory drugs (NSAIDs) as the next most appropriate 
pharmacological therapy followed by oral NSAIDs (30). NSAIDs are not only analgesic but also 
anti-inflammatory in nature, and there is good evidence that NSAIDs have a moderate, positive 
effect on pain, that is greater than that of paracetamol in patients with knee OA (38, 46). However, 
the oral administration of NSAIDs carry additional gastrointestinal and cardiovascular side effects, 
and consequently attempts should be made to minimise these (42).  
 
Given the chronicity of OA, opioids should only be considered for severe pain and if the patient has 
not responded to paracetamol or NSAID therapy, or cannot tolerate them due to  the adverse effects 
(47, 48). Significant side effects are associated with opioid consumption including constipation, 
nausea, increased cardiovascular risk, increased fracture risk and all-cause mortality (49, 50). 
Moreover, studies report that those patients pre-operatively prescribed opioids that go on to have a 
TKR procedure may attain worse overall pain and function benefits compared to those not 
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consuming them (51). Opioid prescription should also be closely monitored for potential 
dependence and plans for opioid cessation should be considered. Consequently, the negative side 
effects combined with risk of addiction and overdosage has led to discouragement of opioid 
prescription for relief of symptoms associated with knee OA (45, 47).  
 
Intra-articular injections 
Intra-articular corticosteroid injections are another alternative to oral analgesics, however, evidence 
for clinically meaningful benefits are mixed and appear to be short-term (2, 30, 52). The long term 
or repeated use of corticosteroid injection has been shown to be associated with greater loss of 
cartilage when compared to those receiving a saline control injection into the knee, and as such, 
injections are recommended to be limited to three per year (53, 54). Intra-articular hyaluronic acid 
(IA-HA) injection reportedly provides numerous biochemical and biological benefits, including 
shock absorption, chondroprotection, and anti-inflammatory effects within the knee (54). Although 
there is some evidence to support the use of IA-HA in the treatment of knee OA, there is variation 
in the products available and thus the reported clinical effects also vary (55).  Another intra-articular 
intervention proposed for the management of knee OA are platelet-rich plasma (PRP) injections. 
Although there is some emerging evidence for PRP injections as being more effective than placebo 
for pain relief and functional improvements in the management of knee OA, small sample sizes and 
short follow-up periods warrant cautious interpretation of these results (56). 
The majority of patients with knee OA will have tried to manage their knee pain and disability with 
a combination of the aforementioned non-surgical strategies. However, once the progression of OA 
is considered severe and conservative management has failed to provide acceptable relief, end-stage 




1.3 Surgical Management of Knee OA 
 
1.3.1 Surgical Procedures other than TKR 
 
Knee Arthroscopy 
Arthroscopy for knee OA is a minimally invasive surgical procedure that usually includes lavage of 
the joint and debridement of roughened surfaces with removal of loose debris under the 
visualisation of an arthroscope (57, 58). Although historically arthroscopy was used as a common 
first-line surgical procedure for knee OA, there is now level 1 evidence recommending against its 
routine use in those with the chronic condition (58, 59). Large, randomised trials suggest that 
although knee arthroscopy for knee OA may provide some small benefits in pain and function in the 
short term, these benefits do not persist after long term follow-up (57, 60, 61). Despite arthroscopy 
not being indicated as a primary treatment for knee OA, its judicious use in the management of co-
existing pathologies, ‘bucket-handle’ type tears, or in locking knees may still be suitable, however, 
further research is needed (62). 
 
Osteotomy  
An osteotomy of the knee is used to realign the lower limb and transfer weight from the damaged 
side of the joint in those suffering with unicompartmental knee OA (63, 64). Unicompartmental 
knee OA is characterized by abnormal articular cartilage in the medial or lateral part of the 
tibiofemoral joint, which may be associated with meniscal disruption, ligamentous instability, and 
limb malalignment (65). Like all surgical procedures for knee OA, the primary goal of an 
osteotomy is to reduce pain and increase function, however, osteotomy also aims to slow down the 
OA process. Osteotomy is often a procedure performed in the younger osteoarthritic knee, as 
despite the proven success of joint replacement as a treatment for knee OA, there remains concern 
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over the longevity of the prosthesis in the younger patient (64, 66). The indications for an 
osteotomy of the knee are primarily for the treatment of isolated single-compartmental osteoarthritis  
and management of joint malalignment (67). There is variation in the literature regarding outcomes 
associated with osteotomy in the treatment of unicompartmental knee OA, however multiple studies 
report satisfactory outcomes of approximately 80% at 5 years and 60% at 10 years (68-72). It is also 
suggested that age less than 50 years and ‘normal’ BMI are shown to be independent factors 
associated with improved long term survival of osteotomy (68). 
 
Unicompartmental Knee Replacement  
Unicompartmental knee replacement (UKR), like osteotomy, is a procedure for patients with OA 
limited to either the medial or lateral compartment of the knee. UKR replaces only one 
compartment of the knee and aims to provide pain relief and increase function with less morbidity 
and mortality than a TKR procedure (73). Despite the advantages of UKR, the reported failure and 
subsequent revision rates for UKR are higher than that of TKR (74, 75). The benefits associated 
with UKA should be balanced against the issue of durability and critical evaluation of clinical and 
radiographic indications is necessary (76). 
 
1.3.2 Total Knee Replacement 
 
Surgical Procedure 
TKR is a surgical procedure in which an artificial joint (prosthesis) replaces the full damaged knee 
joint. The first widely used TKR prosthesis of condylar design that completely replaced the femoral 
and tibial articulating surfaces was developed in the 1970’s by English orthopaedic surgeon Dr John 
Insall (77, 78). The initial prosthesis soon evolved with more sizing options, the addition of a 
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patellofemoral replacement, improved accuracy of instrumentation, and components that allow 
greater range of motion and lower wear rates are now considered standard in TKR design (79).   
 
The TKR surgical procedure can be broadly categorised into four main steps: preparing the bone to 
remove the damaged cartilage surface at the ends of the femur and tibia, positioning of the metal 
prostheses that recreate the surfaces of the tibia and femur, resurfacing and replacing the underside 
of the patella if the surgeon chooses to do so, and finally, the insertion of a medical-grade plastic 
spacer to create a smooth gliding surface (80). Although TKR is considered relatively safe and one 
of the most consistently successful surgeries in orthopaedics, it is not without its risks. There are 
known potential complications and adverse events associated with TKR, however, the risk of 
experiencing a serious complication remains low and is reported to occur in fewer than 2% of 
patients (80-82). 
 
Rates and trends 
TKR is often referred to as the “gold standard” for treating severe end-stage symptomatic knee OA, 
with evidence that TKR can reduce pain, improve function, and increase health related quality of 
life (83-86). The most common reason for undergoing TKR surgery is osteoarthritis, thus the 
projected increase in rates of knee osteoarthritis are expected to result in a greater number of TKR 
surgeries being performed (29, 83, 87). Risk factors for undergoing TKR are in line with those for 
the development of knee osteoarthritis, such as increased age, obesity, and previous knee ligament 
injury. Obese individuals with OA are more likely to require surgery, as shown by a case–control 
study involving over 7,000 individuals, which demonstrated a strong association between increasing 
BMI and TKR (88). Another matched case-control study investigating whether previous knee injury 
increased the risk for TKR showed that ACL injury increased the odds of future TKR by seven 




The projected world-wide increase in future demand for TKR surgery has been well documented 
(83, 90-94). A knowledge of predicted trends in TKR utilisation can assist in understanding the 
future healthcare demands and maximise resource allocation strategies (94). In the United States it 
has been estimated that TKR surgery rates will increase by 673% from 2005 to 2030, and in 
Australia a rise in the incidence of TKR between 2013 and 2030 of 276% is expected (90, 93). This 
predicted exponential growth in TKR procedure rate is unlikely to be matched in healthcare funding 
and resources, and the result could be an unsustainable economic burden on both the public and 
private health sectors. Already a spotlight has been shone on modifiable expenditures such as 
prostheses costs, length of hospital stay and rehabilitation options to reduce the financial burden 
associated with per-episode costs of TKR (95-98).  
 
 
1.4 Total Knee Replacement Rehabilitation  
 
1.4.1 Background 
Rehabilitation in both the acute and sub-acute hospital setting is a broadly accepted component of 
the post-operative management of TKR patients. Guidelines and principles of orthopaedic 
rehabilitation should be based on stages of healing, objective measures, clinical research and 
achievement of functional milestones (99). In the period immediately following surgery the 
rehabilitation focus is on the achievement of goals for safe discharge from the acute hospital setting. 
Extended inpatient orthopaedic rehabilitation allows for greater time to achieve these goals and to 
improve function and maximize quality of life, which is usually best achieved through a 
coordinated, multi-disciplinary approach. The multidisciplinary rehabilitation team usually involves 
physicians, nurses, physiotherapists and occupational therapists, but may include other clinicians 
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such as dieticians or speech pathologists (100). Post-acute rehabilitation continues after discharge 
from the acute-care facility and many rehabilitation modes are available to the TKR patient. Despite 
the number of post-acute rehabilitation delivery options, the optimal rehabilitation strategy remains 
unclear (101).    
 
1.4.2 Perioperative advancements, enhanced recovery pathways and early mobilisation 
Enhanced recovery pathways (ERP), sometimes also referred to as “rapid recovery” or 
“accelerated” pathways, consist of perioperative protocols incorporating multimodal and evidence-
based interventions (102-104). The safety and efficacy of ERPs in a TKR population has undergone 
much scrutiny, however, the general conclusions from the available literature suggest ERPs 
improve hospital and patient outcomes without increasing post-operative complications (103-107).  
An ERP program can be broadly separated into three perioperative stages: pre-operative, intra-
operative and post-operative. A consensus recommendation statement has been published to guide 
best practice in the implementation of ERPs and to increase the consistency of the delivery of these 
programs (108). With respect to the achievement of discharge criteria, positive evidence was found 
for optimizing preoperative patient education, employing a multimodal anaesthetic regime and in 
the use of tranexamic acid to reduce blood loss. In the post-operative period, utilising opioid-
minimising multimodal analgesia and early mobilization have been shown to be effective (108). 
Specific evidence for the role of physiotherapy as part of an ERP is lacking, however, early 
mobilisation is a recommended standard ERP component, routinely facilitated by the orthopaedic 
physiotherapist (109, 110).  
 
Early mobilisation within the context of TKR has been defined as moving out of bed and/or walking 
within 24 hours of surgery, however increasingly, contemporary protocols are utilising same-day 
mobilisation which often occurs within 2-6 hours after surgery (109, 111, 112). It has been shown 
that early mobilisation can reduce the risks associated with surgery such as deep vein thrombosis, 
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pulmonary embolus, respiratory complications and urinary retention (113). An additional benefit to 
early mobilisation after TKR is the emerging evidence that its implementation can decrease hospital 
length of stay, without increasing patient complications or hospital readmissions (109, 114). With 
health care systems subject to economic pressures, the addition of a simple day of surgery 
mobilisation protocol which could reduce per-episode costs by decreasing length of stay would be 
judicious (115).  
 
1.4.3 Evidence for acute physiotherapy intervention 
A main focus of physiotherapy directly following TKR surgery is on preparing the patient for safe 
discharge from the acute hospital setting as soon as is safe and practical to do so (116). A usual 
physiotherapy program for a TKR patient in the acute setting would include advice and education, 
exercises prescribed to improve knee range of motion and muscle strength, and training on 
functional activities of daily living, such as walking and stair climbing (116-118). However, despite 
TKR patients commonly receiving an in-hospital acute physiotherapy program, there is a paucity of 
clinical studies to demonstrate the effectiveness of this (116, 118). Although evidence-based 
literature on functional or exercise-based inpatient physiotherapy protocols appear mostly absent, 
there is research on passive modalities used by physiotherapists in this setting, with Continuous 
Passive Motion (CPM) and Cryotherapy being the most studied (119, 120). Both CPM and 
cryotherapy in primary TKR have been subject to Cochrane reviews, with CPM found to have no 
clinically important effects on knee range or function, and any potential reported benefits of 
cryotherapy were of low-quality evidence (119, 121, 122).   
 
A review on the status of physiotherapy following TKR found that improving functional 
independence through gait re-education and exercise prescription are the most commonly 
performed interventions by physiotherapists in the acute setting (123). However, exercise 
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prescription is a broad term and a lack of evidence remains for the type, duration or frequency of 
optimal exercise programs immediately following TKR (118, 124). Variations in clinical practice 
and its delivery can result in suboptimal outcomes at a greater cost. Currently there is insufficient 
evidence to establish best-practice guidelines for specific physiotherapy interventions in the acute 
setting following TKR surgery (124).  
 
1.4.4 Evidence for physiotherapy in the post-acute setting 
Literature recommends that in the first three months following TKR surgery, physiotherapy 
protocols should aim to improve activities of daily living, knee range of motion and muscle 
strength, and improve patient understanding through advice and education (125-127). Physiotherapy 
after discharge from the acute hospital setting can take the form of outpatient, inpatient or home-
based rehabilitation, with the latter either being monitored or unmonitored (101). There are also 
various modes of delivery for TKR rehabilitation including one-to-one or group-based therapy and 
these can be delivered ‘in person’ or through telerehabilitation. Most commonly physiotherapy is 
delivered on a one-to-one basis after TKR surgery, which is in contrast to evidence indicating that 
one-to-one outpatient therapy is not superior to group or home-based therapy (123, 128-130).  
 
In light of the evidence suggesting that monitored home-based therapy programs are no less 
effective than more resource intensive options such as one-to-one outpatient or inpatient 
rehabilitation, greater consideration should be given to rehabilitation in the home environment (128, 
129, 131). With recent developments in the telerehabilitation space, conducting physiotherapy in 
the home is increasingly feasible (132). Telerehabilitation refers to the delivery of rehabilitation 
services via information and communication technologies (132-134). It enables a monitored home-
based physiotherapy program to be accessible, regardless of geographical location and alleviates 
some of the cost and inconveniences associated with travel to appointments and the associated time 
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demands (135, 136). Clinical trials have demonstrated that in a total joint replacement population, 
telerehabilitation programs are at least as effective as conventional therapy, with the added benefit 
of increased patient access and reported cost savings (135-138).    
 
Regardless of the rehabilitation setting, variations in delivery and exercise type exist in the 
provision of physiotherapy following TKR surgery (101, 139). There is general consensus that 
physiotherapy is beneficial to functional recovery following TKR, but in line with the acute setting, 
there is a lack of evidence for the quantity or content of the physiotherapy interventions being 
delivered (118, 139, 140). A recent study reporting on the type of exercises prescribed in the post-
acute setting after TKR identified 34 different exercises, of which only seven were documented in 
greater than fifty percent of the physiotherapist’s records. These seven exercises included: squats, 
step-ups, straight-leg raises, quadriceps setting, short-arc quadriceps extension, and passive flexion 
or extension exercises. The study also demonstrated that the ‘closed-chain’ weight bearing exercises 
had the most positive effect on patient outcomes at six months post-surgery (118). Closed-chain 
exercises fixate the distal portion of the limb, producing multi-joint and multi-muscle therapy, and 
are often referred to as a ‘functional exercise’ (141). Due to the findings of this study reporting 
significant variability in the types of exercises prescribed by physiotherapists following TKR, 
further research would be warranted to determine the reasons for different exercise inclusion.        
 
1.4.5 Factors influencing discharge destination following TKR surgery 
The decision on where and how to participate in post-acute rehabilitation is likely multifactorial and 
reasons may be related to a patient’s current functional and cognitive status, patient and care-giver 
expectations and medical personnel opinion (142). Historically, there has been a lack of agreement 
on the ‘ideal’ rehabilitation setting, however, current evidence suggests that after uncomplicated 
primary TKR surgery that inpatient rehabilitation is no more effective at improving patient 
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outcomes than home-based or outpatient rehabilitation (131, 143-146). More specifically, discharge 
destination such as home or inpatient rehabilitation, has been shown to not significantly predict pain 
or functional improvements in the first twelve months following TKR surgery (143, 144).  
 
Research on patient preferences for health care delivery suggest that patients most value a system 
that is cost efficient to them, involves shared decision making and is delivered by a multi-
disciplinary team, in an environment where they feel supported (147). With respect to discharge 
destination after joint replacement, it has been shown that pre-operative preferences strongly 
influence whether a patient undergoes extended inpatient rehabilitation (142, 148). Ideally, decision 
making comes from gathering all available information on suitable options, calculating the costs 
and benefits of each, and then deciding on the optimal choice (149). However, in the private 
healthcare sector, qualitative data has shown that a patient’s thoughts on the perceived benefits of 
inpatient rehabilitation often rely on a sense of entitlement for this service and its convenience, 
rather than evidence for superior outcomes (142). Friends and family who have had their own 
experience with inpatient rehabilitation may also make recommendations to a patient and influence 
the decision-making process. There are also additional extrinsic factors to consider, which include 
the orthopaedic surgeon and the hospital institution as key stakeholders in the decision-making 
process for discharge destination (142). As such, it is reasonable to conclude that a patients' 
preference for discharge destination is produced by a complex interaction between the patient’s 
beliefs, their support network and health care providers (150) 
 
The expenses associated with post-acute care have a significant influence on the total episode cost 
for TKR. Health systems should look to optimise expenditure in this period, as the relative cost of 
inpatient rehabilitation is reportedly 5.7 times the total cost of care for home-based rehabilitation 
(143). Given the increased financial burden of inpatient rehabilitation without the demonstration of 
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superior clinical outcomes over home-based care, research is now shifting focus to better determine 
the drivers of patient discharge destination after TKR (98, 142, 148, 151). Being able to better 
predict or identify those TKR patients most likely to discharge to inpatient rehabilitation provides 
opportunity to explore interventions designed to increase the likelihood of safe discharge directly 
home. Further research is warranted on identifying those TKR patients with the greatest likelihood 
for discharge to inpatient rehabilitation, so that appropriate care pathways and home-based 




















1.5 Aims of this Thesis  
 
The aims of this thesis are to examine the available literature on TKR rehabilitation, including both 
the efficacy of physiotherapy exercise protocols and the factors influencing the rehabilitation setting 
following TKR surgery, with the intent to contribute new research to these fields. The purpose of 
the first systematic literature review included in this thesis is to identify what evidence is available 
for early active physiotherapy after total knee replacement in the hospital setting. The second 
systematic literature review aims to determine what predictive factors are known to exist for 
discharge to an inpatient rehabilitation over discharge home after TKR surgery. Clinical trials on 
these topics will be undertaken with the aim to have meaningful impact on the orthopaedic and 
physiotherapy professional community and the rehabilitation of their patients.  
 
Two novel and prospectively designed clinical trials in the field of total knee replacement 
rehabilitation will conducted. The first, a randomised controlled trial investigating the effectiveness 
of a simple home-based physiotherapy protocol in the first two weeks following TKR surgery and 
the second, being the development and implementation of an instrument designed to explore which 












1.6 Outline of Thesis Chapters  
 
This thesis comprises nine chapters, of which the manuscripts contained within chapters two 
through six have been accepted for publication in peer-reviewed journals.  
 
Chapter one provides an overview of osteoarthritis of the knee and its prevalence, global impact 
and influencing factors. It also reviews the conservative and surgical management options available 
for patients suffering from knee OA and the evidence for the effect of these. A discussion on 
aspects of TKR rehabilitation in both the acute and post-acute settings concludes this chapter. 
 
Chapter two reviews the literature available for evidence for physiotherapist-led exercise 
interventions in the acute setting following TKR surgery. This systematic review and meta-analysis 
focuses on active exercise protocols, whereas passive modalities such as continuous passive motion 
and cryotherapy were excluded. The manuscript within this chapter has been published in BMC 
Musculoskeletal Disorders. 
 
Chapter three is a randomised controlled trial investigating two differing exercise intervention 
protocols in the acute setting following TKR surgery. A novel 3-exercise pedalling-based protocol 
was compared to a standard multi-exercise physiotherapy regime for superiority in both functional 
and patient reported outcome measures. The manuscript within this chapter has been published in 
the Journal of Bone and Joint Surgery. 
 
Chapter four is a narrative review on contemporary protocols associated with TKR rehabilitation. 
This was an invited manuscript, and includes the themes of perioperative advancements, early 
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mobilisation and exercise intervention, length of stay and rehabilitation setting. The manuscript 
within this chapter is in press for the Australian Journal of General Practice September 2020 Issue. 
 
Chapter five reviews the literature available to best determine which pre-operative intrinsic patient 
factors may be predictive of discharge destination after TKR surgery. A meta-analysis was able to 
be performed on the results from two intrinsic factors, with the other four factors ineligible for 
meta-analysis and are presented as a qualitative synthesis. The manuscript within this chapter has 
been published in BMC Musculoskeletal Disorders. 
 
Chapter six reports on a prospectively designed observational trial, in which a new questionnaire 
was developed and implemented to better understand what factors predict discharge destination 
when patient demographics, self-reported physical function and beliefs about the benefits or 
challenges of rehabilitation are all considered. The manuscript within this chapter has been 
published in the Journal of Arthroplasty. 
 
Chapter seven includes a discussion on the key findings of this thesis and any conclusions that can 
be made. The strengths and limitations of this thesis, its implications for clinical practice and 
suggested directions for future research are also included in this chapter.   
 
Chapters eight provides an overall list of references which are contained within this thesis. 
 
Chapter nine contains the relevant appendices referenced throughout this thesis. 
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CHAPTER 2: What is the Evidence to support Early Supervised 
Exercise Therapy after Primary Total Knee Replacement? A 
Systematic Review and Meta-analysis. 
 
 
The systematic review and meta-analysis documented in this chapter was published 
in BMC Musculoskeletal Disorders and is formatted to the journal’s guidelines. This 
is an Open-Access article reproduced under the permission of the Creative Commons 
Attribution Non-Commercial (CC BY-NC 4.0) license. A copy of the published 
manuscript is included in Appendix 1. 
 
 
Sattler LN, Hing WA, Vertullo CJ. What is the evidence to support early supervised 
exercise therapy after primary total knee replacement? A systematic review and 
meta-analysis. BMC Musculoskeletal Disorders. 2019;20(1):42. doi:10.1186/s12891-










Chapter one outlined the prevalence and impact of knee osteoarthritis and the surgical options for 
treatment when conservative management has failed to provide an acceptable outcome. The 
increasing international economic burden associated with the rise in rates of knee OA was also 
discussed. Finally, a summary was provided on rehabilitation after TKR surgery in both the acute 
and post-discharge setting and the influencing factors on likelihood of inpatient rehabilitation 
discharge were considered.  
 
Chapter two focuses on physiotherapy intervention in the early period following primary TKR. This 
chapter explores in more detail the evidence for physiotherapy exercise protocols immediately 
following surgery until discharge from the acute hospital setting. A systematic review of the 
literature and subsequent meta-analysis was conducted to identify, synthesise, and analyse the 
relevant research findings.  
 
Although systematic literature reviews have reported on physiotherapy intervention and exercise 
protocols in a post-discharge TKR population, to the author’s knowledge this is the first review to 
examine only the research conducted in an acute inpatient setting. Thus, the aim of this review was 
to determine what evidence exists for any reported benefits of physiotherapy exercise protocols in 







Total knee replacement (TKR) patients participate in early supervised exercise therapy programs, 
despite a lack of evidence for such programs or the optimal type, duration or frequency to provide 
the best clinical outcomes. As hospital stay rates decrease worldwide, the first days after joint 
replacement surgery are of increasing clinical importance. The purpose of this study was to 
investigate any reported effects of published early exercise therapy following TKR surgery. 
 
Methods  
Databases PubMed, CINAHL, Embase, Cochrane, and Pedro were searched up to August 2018 for 
trials which investigated an early supervised exercise therapy, commencing within 48 h of surgery. 
Risk of bias was evaluated using a Modified Downs and Black Checklist and meta-analysis of 
results was conducted using Review Manager (RevMan). Standardised Mean Differences (SMD) or 




Four studies (323 patients) that used four different interventions were identified, including Modified 
Quadriceps Setting, Flexion Splinting, Passive Flexion Ranging and a Drop and Dangle Flexion 
regime. Patients receiving the Drop and Dangle flexion protocol had superior flexion in the first 2 
days after TKR and at discharge, the Flexion Splint patients were discharged earlier and had greater 
flexion at 6-weeks postoperatively, and the Modified Quadriceps Setting group showed greater 
hamstring and gluteal muscle strength. Results of the methodological quality assessment showed 
included studies were of moderate quality. The meta-analysis included 3 of the 4 trials and found no 
significant differences between groups in maximum knee flexion (MD = 1.34; 95% CI, − 5.55–
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 The paucity and heterogeneity of existing studies that examine early supervised exercise therapy 
following TKR surgery makes it challenging for clinicians to deliver high-quality evidence-based 
exercise programs in the early postoperative period. Although superior knee flexion range was 
found across differing regimes, the meta-analysis showed no significant difference in this outcome 
between groups at 6 weeks. The results of this review show high quality randomized clinical trials 





Worldwide rates of primary total knee replacement (TKR) as a treatment for end stage knee 
osteoarthritis are increasing between 5-17% per year (153). By 2025, knee osteoarthritis (OA) 
prevalence is expected to increase by 40% and the most common surgical intervention for end-stage 
knee OA is TKR (154). The total hospital cost for knee replacement for osteoarthritis nearly tripled 
during 2002 – 2013 in the United States, amounting to $12.0 billion, this trend is expected to 
continue in accordance with the aging populations and rising obesity rates (155).  
 
In contrast to this rapid rise in the number of TKR procedures, hospital length of stay (LOS) rates 
after TKR surgery are declining. In the United States, from 2002 to 2013, the mean inpatient period 
post TKR decreased from 4.06 to 2.97 days and the percentage of hospital inpatient periods of ≥ 5 
days decreased from 24.7% to 6.1% in 2013 (155). Reduction in LOS following TKR can reduce 
the economic burden of knee osteoarthritis, and evidence now demonstrates that factors such as the 
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use of clinical pathways, advances in blood management, multimodal analgesia and early 
ambulation can all contribute to this reduction (156-159).  
Due to this decrease in length of stay, and emphasis on as early ambulation after surgery as 
possible, it is important to examine early post-operative inpatient exercise interventions (160-164). 
These interventions can be separated into passive interventions, such as cold therapy, compression, 
or continuous passive motion, and, the target of this review, supervised exercise therapy conducted 
by a physiotherapist in an acute in-patient setting.  
 
One purpose of early postoperative physiotherapy following TKR is to prepare patients for 
discharge following their operation. As a result of shorter length of stays, inpatient physiotherapy 
has become increasingly concentrated on early and safe mobility, with accelerated rehabilitation 
pathways becoming the standard of care (165). This inpatient therapist directed physiotherapy 
usually involves active exercises to improve knee range of motion and muscle strengthening (117, 
123). However, despite the majority of TKR patients receiving an in-hospital physiotherapy 
program of some type, there are limited studies to demonstrate either its effectiveness or the 
optimum program design (116). The recent meta-analysis by Artz et al. examined the effectiveness 
of post-discharge physiotherapy exercise in patients with primary total knee replacement, in 
comparison to our study, which focused on programs implemented in an acute inpatient setting 
(117). Large variations between institutions and individual clinicians exist as to what type of active 
inpatient therapy is prescribed, and its duration and its frequency, with only gait retraining and 
exercise prescription being frequently utilized (123). This variation can result in suboptimal 
outcomes at a greater cost.  
 
The purpose of this study was to investigate published research on any reported effects of early 





This systematic review and meta-analysis was prospectively registered on PROSPERO 
(International prospective register of systematic reviews), registration CRD42017081016. The 
review was reported in accordance with the guidelines from the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) statement (166). 
 
2.4.1 Search strategy 
Relevant published studies were extracted for analysis by the primary investigator from PubMed, 
Cumulative Index to Nursing and Allied Health (CINAHL), Embase, Cochrane, and Pedro. Key 
terms were identified for the search, including knee replacement, physiotherapy, and rehabilitation, 
as well as synonym words. The search strategy included applying wildcards (*), also known as 
truncation symbols, which represent one or more characters when able, using Boolean Operators 
‘and’ or ‘or’ to combine the search key search terms, and searching up to August 2018 to collect the 
best current evidence. The complete search strategy is presented in Table 1. 
 
TABLE 1: CRITICAL REVIEW DATABASES AND SEARCH TERMS 
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2.4.2 Eligibility criteria 
We included studies investigating supervised exercise therapy following TKR in the acute inpatient 
hospital period. Interventions including electrical stimulation, acupuncture, cryotherapy or electrical 
modalities such as continuous passive motion (CPM) were excluded as these were considered as an 
adjunct to therapist led exercise-based interventions. Journal articles were the primary source 
collected and search results were filtered to include randomised controlled and quasi-experimental 
trials. Manual searches of reference lists within journal articles meeting the inclusion criteria were 
conducted to ensure all relevant studies were included and reviewed.   
 
Inclusion Criteria: 
• Articles available in full text 
• Articles in English 
• A key term was required in the study Title or Abstract 
• Study design was a randomised controlled or quasi-experimental trial  
• A Therapist-led exercise intervention. CPM therapy was not included in this study as 
the experimental intervention, however, could be part of a patient’s standard care.  
• Study setting: exercise intervention commenced in the acute hospital period within 
48 hours of TKR surgery and prior to discharge from the inpatient setting  
• Participants were post-operative primary unilateral total knee replacement patients 
 
2.4.3 Study Selection 
Based on the inclusion criteria, an initial screening of titles and abstracts occurred to isolate possible 
relevant papers. Next, a screening of extracted full text papers was conducted for final review. The 
primary investigator, screened all titles, abstracts, full papers and made the decision about study 
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eligibility. Those studies that were included in this literature review were then screened for 
eligibility to be included for meta-analysis based on similarity of reported outcomes. 
 
2.4.4 Data extraction 
A data extraction form was based on the Cochrane Consumers and Communication Review Group 
data extraction template (167). One reviewer extracted the data, and it included information on 
authors, year of publication, location, number of participants and participant features, study setting, 
interventions and controls used, primary and secondary outcome measures, follow up intervals, 
adherence and loss to follow up, result findings and adverse events that occurred. 
 
2.4.5 Methodological quality 
The Modified Methodological Quality Checklist by Downs and Black (1998) was used for both 
randomised controlled trials and non-randomised controlled trials to assess the risk of bias of the 
included studies (168). The methodological quality assessment was completed by two independent 
reviewers, any disagreements were resolved by discussion and consensus or by consultation with a 
third reviewer if necessary. 
 
The modified Downs & Black checklist used was a twenty-seven-point scale consisting of five 
subscales (reporting, external validity, internal validity bias, internal validity confounding, and 
power) to analyse both randomised and nonrandomised controlled trials. The Downs and Black 
scale has high internal consistency (r=.89) and criterion validity (r=.90), good test-retest reliability 
(r =.88) and inter-rater reliability (r=.75) (169). The studies were rated as poor if they scored 7 or 
less, limited if they scored 7-13, moderate if they scored 14 to 20 and strong if they scored 21 or 
greater (170-172). The quality of the studies was considered in the analysis of the results. 
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2.4.6 Statistical analysis 
When an outcome was reported in at least two studies, analysis of quantitative data for meta-
analysis was completed using a computer software program developed by The Cochrane 
Collaboration, Review Manager (RevMan, version 5.3) (173). Effect sizes for eligible outcomes 
Maximum Knee Flexion, Knee Society Score, and Knee Society Function Score were calculated 
using mean differences (MD), each with 95% confidence intervals (CIs). A random effects model 
was used in our analysis to allow for differences in the treatment effects between trials.  
Heterogeneity of included studies’ estimates were assessed by computing the I2 values and was 
considered statistically significant at P < 0.10. I2 values were used to describe the percentage of 
total variation across studies, an I2 value of 25% was considered low, 50% moderate, and 75% high 
(172). Variance between outcome measures was estimated using the standard deviation (SD) of the 
MD between two assessment time-points. If the SD was not reported, we used the SD calculated 





2.5.1 Search, screening and selection results 
The results of the search strategy and screening process are shown as a flowchart in  
Figure 2. Initially, a total of 2374 records were identified from database searching, a manual search 
of references of the studies that were included did not elicit any further eligible studies. After 
duplicates were removed, the remaining 1296 articles were screened, after 1219 articles were 
considered ineligible, 77 articles were assessed in full text. From these articles, a final 4 articles 
were considered eligible and included in this review. Of those 4 articles, 3 met the inclusion criteria 













2.5.2 Description of included studies  
The 4 included studies that were reviewed based on the eligibility criteria varied in design, two 
studies were randomised controlled trials (174, 175) and two studies were of quasi-experimental 
design (176, 177). 
 
2.5.3 General characteristics of participants 
There were 323 participants who contributed to the studies reported in this review, however, in one 
study which included 50 participants (175) they used the contralateral limb for alternate group 
allocation, so there were in total 373 knees of participants included in the final analysis. Total 
number of participants in the control groups were 179 and in the intervention groups were 194, the 
gender of the included subjects was predominantly female, 79% and 78% in the control and 
interventional groups respectively. Mean age was similar between all studies and the same when 
averaged across the control and intervention groups at 69 years. Table 2 provides a summary of 
participant characteristics across each study including age, gender, and inclusion and exclusion 
criteria and Table 3 summarizes each study’s numbers including reported losses to follow up.    
 
2.5.4 Exercise therapy interventions  
All interventions examined in the studies were some form of therapist directed exercise therapy that 
began within 48 hours following TKR surgery. The four interventions included in this review were 
Modified Quadriceps Setting (174), Flexion Splinting (176), Passive Flexion Ranging (175) and a 
Drop and Dangle Flexion regime (177), individually these interventions and their respective control 

























Effectiveness of Modified 
Quadriceps Femoris 
Muscle Setting Exercise 
for the Elderly in Early 
Rehabilitation after Total 
Knee Arthroplasty 
Cont Exp Cont Exp Cont Exp 
TKR patients, Walk alone with/ 
without cane, 
FFD <10deg, 
Able to communicate, No disease 
in parts of body except knee joint 
Not provided 
22 22 











Flexion vs. extension: a 
comparison of post-
operative total knee 
arthroplasty mobilization 
regimes 
Cont Exp Cont Exp Cont Exp 
Unilateral TKR patients 
No patients 
excluded 74 86 





Kim, T., Park, 
K., Yoon, S., 
Kim, S., 




Clinical value of regular 
passive ROM exercise by 
a physical therapist after 
total knee arthroplasty 
Cont Exp Cont Exp Cont  Exp 
Primary diagnosis of OA, 
undergoing staged bilateral 
TKRs, no prior surgery to the 











M 0  
F 50 












Use of drop and dangle 
rehabilitation protocol to 
increase knee flexion 
following total knee 
arthroplasty: a comparison 
with continuous passive 
motion machine 
Cont Exp Cont Exp Cont  Exp 









M 4  
F 29 













69.6 69.3   
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Lost to follow up 
Included in final 
analysis 
   Cont Exp   Cont Exp 
Dujin, P., Jeonghee, 
K., & Hyunok, L. 
44 0 22 22 0 0 22 22 
Hewitt, B., & 
Shakespeare, D. 
160 0 74 86 0 0 74 86 
Kim, T., Park, K., 
Yoon, S., Kim, S., 
Chang, C., & Seong, 
S. 
106 6 50 50 0 0 50 50 
Pongkunakorn, A., 
& Sawatphap, D 
86 0 41 45 10 7 33 36 
Totals 396 6 187 203 10 7 179 194 
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TABLE 4: INTERVENTION COMPARISON OF STUDIES REVIEWED 
Author Control Experimental 






















& Hyunok, L. 
Conventional Quadriceps Setting (CQS) Protocol 
Supine position, operated limb in knee extension & ankle 
dorsiflexion, with a 10s isometric quadriceps contraction  
CPM daily for 1 hour until week 2 post-op.  
Week’s 2 – 4 add resistance training for knee flexor and 
extensor muscles and cycling 1 hr/day, 5 times a week. 
Modified Quadriceps Setting (MQS) Protocol 
Seated position (90-degree hip & knee angle) operated 
limb performed 10s isometric quadriceps contraction 
with 2kg sandbag on other ankle.  
CPM daily for 1 hour until week 2 post-op.  
Week’s 2 – 4 add resistance training for knee flexor and 
















3 sets with 
1 min breaks 
 
Exp 
3 sets with 
1 min breaks 
Hewitt, B., & 
Shakespeare, 
D. 
Extension Splint Protocol 
Immediately post-op, knee placed out straight in a knee 
immobiliser splint remaining on overnight. 
Multi-exercise regime with physio commenced day 1 including 
knee flexion exercises. Knee extension splint only night of day 
1, then no longer applied. Exercises continued daily until 
discharge. 
Flexion Splint Protocol 
Immediately post-op, knee placed on a 90-degree splint 
remaining on overnight. Physio day 1, 2hrly knee flexed 
90d and placed on the 90d splint for 10 mins, the knee 
was then allowed to straighten out and hang in passive 
extension for 10 minutes with ankle supported on a foam 
block.  
Multi-ex regime also added to physio day 1. From day 2 
the flexion block regime was ceased once the knee could 
be actively flexed to 90 degrees, the same standard was 






















Kim, T., Park, 
K., Yoon, S., 
Kim, S., 
Chang, C., & 
Seong, S. 
No-PROME Protocol 
Day 0 = quad’s strength ex 
Day 1 = 50 mins CPM 0-30 degrees + gait training, CPM ROM 
gradually increased over next two weeks 
Day 2 = Same as 1 & 2 and add Drop/Dangle + active knee 
ROM ex’s 
Day 3-14 = Physio once daily in the rehab centre  
PROME Protocol 
40 minutes of physiotherapy: 
First 20 = quad’s strength + gait training 
Second 20 = PROME ex (pt placed in supine, 5 mins 
thigh/calf massage, then PROME routine consisted of 
holding leg in ext for first 5s, then max tolerated flexion 




















, A., & 
Sawatphap, D 
CPM Protocol 
Bandaged in extension post-op and removed day 1 and placed 
on CPM 0-60 degrees. ROM was increased by 15 degrees or 
more each day unless not tolerated, progressively increased 
to115d. Both groups received the same other ROM ex’s and 
quad strengthening program. 
Drop and Dangle Protocol 
Placed in 70-degree flexion splint post-op then removed 
day 1. D&D day 1 in a seated position, maximal passive 
overpressure with the other foot then held for 10s. Then 
actively assisted into extension by other foot. Both 



















The primary and secondary outcome measures were varied amongst the included studies. Across the 
4 studies, validity and reliability of the selected outcome measures was high. In terms of timing and 
frequency of the included outcome measures, 3 of the 4 studies took a pre-operative measure to 
determine baseline (174-176). The maximum follow-up time for an outcome measure varied 
significantly between studies with the longest reported follow up of an outcome measure being 1 
year (177). Details of each outcome measure included in the studies reviewed are detailed in Table 
5. 
 
Patient reported outcome measures  
A survey style patient reported outcome measure (PROM) was included in 3 of the 4 studies (175-
177), however, differing PROM tools were used, and results were only reported in 2 of these (175, 
177).  
 
Knee flexion and functional mobility 
Maximum knee flexion ROM was also assessed in 3 of the 4 included studies (175-177). Only 1 of 




TABLE 5: OUTCOME MEASURES FOR STUDIES REVIEWED 
Author Outcome Measure(s) How Outcome was measured Validity/ Reliability Frequency of Outcome Adverse Events 
Dujin, P., Jeonghee, 
K., & Hyunok, L. 
1) Muscle strength: 
Quadriceps, Hamstrings, 
Gluteus Maximus (178) 
2) 6 Minute Walk Test (179) 
 
1) Handheld dynamometer 
 
2) Distance (m) 
All outcomes are valid & reliable All outcomes were measured pre-
operatively and at 2 weeks and 4 
weeks post-surgery. 
Nil reported 
Hewitt, B., & 
Shakespeare, D. 
1) Knee Society knee & 
function scores (180) 
2) FFD (181) 
3) Max Flex (181) 
4) ROM (181) 
5) Analgesic Requirements 








5) Medical Chart 
6) Medical Chart 
Outcomes 1-4 are valid and 
reliable; outcomes 5 & 6 have not 
been reported by the authors 
Only Outcome’s 2, 3 & 4 have 
values reported by the authors, 
there are no values reported for 
outcomes 1,5 & 6. 
Outcomes 1-4 were measured 
pre-operatively (1day prior to 
OT) and 6 weeks post-surgery;  




Kim, T., Park, K., 
Yoon, S., Kim, S., 
Chang, C., & Seong, 
S. 
1) Knee Society knee & 
function scores (180)  
2) WOMAC scores 
3) Flexion contracture (181) 
4) Max Flex (181) 








Outcomes 1-4 are valid & 
reliable; Outcome 5 has not been 
tested for validity or reliability 
Outcomes 1 & 2 were measured 
pre-operatively and 6 months 
post-surgery; 
Outcomes 3 & 4 were measured 
pre-operatively & at 7 days, 14 
days, 6 weeks, 3 months and 6 
months; 




& Sawatphap, D 
1) OT time 
2) Blood Loss 
3) LOS 
4) Knee Society knee & 
function scores (180) 
5) Passive Flexion ROM (181) 
1) Medical Chart 
2) Medical Chart 




All outcomes are valid & reliable Outcomes 1-4 were measured 
during admission; 
Outcome 5 was measured during 
admission (once daily for 7 days 






2.5.6 Meta-Analysis Results 
Maximum knee flexion was assessed in 3 of the 4 studies (175-177), 270 knees were measured at 6 
weeks post TKR, the results of the meta-analysis are presented in Figure 3. There was no significant 
difference between the Exercise Intervention (EI) vs the Standard Therapy (ST) groups (MD = 1.34; 
95% CI, -5.55 – 8.24).  
 
The Knee Society Score (KSS) and Knee Society Function Score (KSFS) outcomes were reported 
to be assessed in 3 out of the 4 studies reviewed (175-177), however, only 2 of the 3 studies 
included the results (175, 177) and as such only 2 data sets are represented in Figure 4 and Figure 5. 
The meta-analysis of those 2 studies which included 199 participants are presented. There were no 
significant differences between the Exercise Intervention (EI) vs the Standard Therapy (ST) groups 
in either of the Knee Society Score or Knee Society Functions scores, KSS (MD = -1.17; 95% CI, -

































FIGURE 5: FOREST PLOT DIAGRAM OF THE KNEE SOCIETY FUNCTION SCORE, EXERCISE INTERVENTION (EI) VS STANDARD THERAPY (ST) 
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2.5.7 Methodological quality 
Results of the methodological quality assessment, modified from the Downs and Black's checklist, 
are presented in Table 6. The methodological quality of the included studies in this review was 
variable, ranging from 18 – 22 points out of a possible 27, meaning overall the studies were of 
moderate quality. 
 
Only Kim et al. demonstrated strong methodological quality, scoring 22/27, however, external 
validity was high for gender in that the subjects were all female and therefore not a true 
representation of the entire recruitment population for TKR surgery. All studies apart from Hewitt 
and Shakespeare reported clear objectives, outcomes and included a power calculation. Of the four 
included trials, all either made no attempt or it was unable to determine if the subjects were blinded 
to the intervention group they had been allocated to, or whether the randomised intervention 
assignment was concealed from patients and health care staff until recruitment was completed. 









Reporting External Validity 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Dujin, P., Jeonghee, 
K., & Hyunok, L. 
Randomised 
Controlled Trial 
1 1 1 1 1 1 1 0 1 0 0 0 1 






0 0 0 1 1 1 1 1 1 1 1 1 1 
Kim, T., Park, K., 
Yoon, S., Kim, S., 





1 1 1 1 1 1 1 1 1 1 0 0 1 
Pongkunakorn, A., 





1 1 1 1 1 1 1 1 1 1 0 0 1 
 
Author 
Internal Validity Bias Internal Validity Confounding Power 
Total 
Score 
14 15 16 17 18 19 20 21 22 23 24 25 26 27  
Dujin, P., Jeonghee, 
K., & Hyunok, L. 
0 0 1 1 1 1 1 1 1 1 0 1 1 1 20 
Hewitt, B., & 
Shakespeare, D. 
0 0 1 1 1 1 0 1 1 0 0 1 1 0 18 
Kim, T., Park, K., 
Yoon, S., Kim, S., 
Chang, C., & Seong, 
S. 
0 1 1 1 1 1 1 1 1 0 0 1 1 1 22 
Pongkunakorn, A., 
& Sawatphap, D 
0 0 1 1 1 1 1 1 0 0 0 1 1 1 20 
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2.6 Discussion  
 
2.6.1 Main findings 
The main goal of the present systematic literature review and meta-analysis was to determine the 
effects of early exercise therapy on patient reported and functional outcomes in a post-operative 
primary total knee replacement population. Although individual significant differences between 
therapy groups are noted, when combined for meta-analysis no significant differences between 
physiotherapy groups were found across Maximum Knee Flexion or Knee Society Scores at 6 
weeks.  
 
The systematic review included four studies of varying design examining four different supervised 
exercise therapy programs following TKR surgery in the early post-operative setting. Participant 
inclusion and exclusion criteria were similar across all studies and sample sizes were appropriately 
powered to determine significance of the chosen outcomes measured. True randomisation of group 
allocation did not occur in two of the trials, both having a prospective controlled trial design. 
Methodological quality assessment of the studies reviewed were of moderate quality, hence the 
systematic literature review findings should be interpreted accordingly.  
 
Although the Modified Quadriceps Setting exercise patients showed a greater hamstring and gluteal 
muscle strength the study did not assess knee ROM or include a PROM tool and therefore could not 
be included in the meta-analysis (174). A Passive Range of Motion Exercise (PROME) performed 
by a physiotherapist does not offer additional clinical benefits to standard active exercise therapy to 
patients after TKR (175), however, positioning a patient in a flexion splint for the first 48 hours 
post-operatively showed greater knee flexion ROM at 6 weeks than an extension splint combined 
with active flexion exercises (176). When compared to CPM plus standard physiotherapy, an 
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active-assist Drop and Dangle knee flexion exercise results in increased knee flexion ROM in the 
first 2 post-operative days following TKR surgery, however, these differences were no longer 
significant at 6 weeks (177).      
 
2.6.2 Strengths and limitations of the review 
The present review has strength in its thorough search strategies based on the PRISMA guidelines, 
its systematic nature and the use of high-quality analysis tool that have high internal consistency 
and criterion validity, good test-retest reliability, and high inter-rater reliability.   
 
Limitations to the review were the lack of randomised controlled trials available on the topic, and as 
such, quasi-experimental trials were included in the search criteria to broaden the results. The study 
selection and data extraction were made by the primary investigator which could lead to selection 
bias of the included studies. The meta-analysis was limited to including those outcomes which were 
present across 2 or more studies and, consequently, only outcomes that were assessed from 6 weeks 
and beyond post-operatively could be investigated, thereby not including any treatment effects in 
the early inpatient phase. The considerable clinical heterogeneity of the exercise interventions 
investigated in each of the included studies also makes it difficult to guide best evidence-base 
practice for exercise therapy early after TKR. 
 
2.6.3 Clinical and research implications 
The small number of heterogeneous studies identified precludes the formulation of clinical 
guidelines as to the optimum type, frequency, or duration of early exercise therapy after TKR. 
Given the cost of providing these inpatient services, it is surprising that such a large deficit exists in 
the literature. In contradistinction, a recent Cochrane review of CPM, identified 24 randomised 
controlled trials of CPM with standard postoperative care compared to similar postoperative care  
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(119). There is a need for further studies of high-quality design into supervised exercise therapy 
programs to provide greater functional outcomes and patient reported satisfaction following TKR 





Accelerated discharge pathways following TKR are becoming increasingly popular and 
consequently hospital LOS rates are declining. This review demonstrates that there are few studies 
available on early supervised exercise therapy following TKR surgery in the immediate post-
operative setting, with a heterogeneous group of exercises examined. The lack of large randomised 
trials with adequate methodology on physiotherapy for TKR patients in the early post-operative 















2.8 Additional files published with manuscript 
 
i. Modified Downs and Black checklist for the assessment of the methodological quality of 
both randomized and non-randomized studies 
 
Item Criteria Possible Answers 
Reporting 
1 Is the hypothesis/aim/objective of the study clearly described? 
Yes = 1 
No = 0 
2 
Are the main outcomes to be measured clearly described in the 
Introduction or 
Methods section? If the main outcomes are first mentioned in the 
Results section, the question should be answered no. 
Yes = 1 
No = 0 
3 
Are the characteristics of the patients included in the study clearly 
described? 
In cohort studies and trials, inclusion and/or exclusion criteria should be 
given. In case-control studies, a case-definition and the source for 
controls should be 
given. 
Yes = 1 
No = 0 
4 
Are the interventions of interest clearly described? Treatments and 
placebo (where relevant) that are to be compared should be clearly 
described. 
Yes = 1 
No = 0 
5 
Are the distributions of principal confounders in each group of subjects 
to be compared clearly described? A list of principal confounders is 
provided. 
Yes = 1 
Partially = 1  
No = 0 
6 
Are the main findings of the study clearly described? Simple outcome 
data (including denominators and numerators) should be reported for 
all major findings so that the reader can check the major analyses and 
conclusions. (This question does not cover statistical tests which are 
considered below). 
Yes = 1 
No = 0 
7 
Does the study provide estimates of the random variability in the data 
for the main outcomes? In non-normally distributed data the 
interquartile range of results should be reported. In normally distributed 
data the standard error, standard deviation or confidence intervals 
should be reported. If the distribution of the data is not described, it 
must be assumed that the estimates used were appropriate and the 
question should be answered yes. 
Yes = 1 
No = 0 
8 
Have all important adverse events that may be a consequence of the 
intervention been reported? This should be answered yes if the study 
demonstrates that there was a comprehensive attempt to measure 
adverse events. (A list of possible adverse events is provided). 
Yes = 1 
No = 0 
9 
Have the characteristics of patients lost to follow-up been described? 
This should be answered yes where there were no losses to follow-up 
or where losses to follow-up were so small that findings would be 
unaffected by their inclusion. This should be answered no, where a 
study does not report the number of patients lost to follow-up. 
Yes = 1 
No = 0 
10 
Have actual probability values been reported (e.g. 0.035 rather than 
<0.05) for the main outcomes except where the probability value is less 
than 0.001? 
Yes = 1 
No = 0 
External validity 
11 
Were the subjects asked to participate in the study representative of 
the entire population from which they were recruited? The study must 
identify the source population for patients and describe how the 
patients were selected. Patients would be representative if they 
comprised the entire source population, an unselected sample of 
consecutive patients, or a random sample. Random sampling is only 
feasible where a list of all members of the relevant population 
exists. Where a study does not report the proportion of the source 
population from which the patients are derived, the question should be 
answered as unable to determine. 
Yes = 1 
No = 0 
Unable to determine = 0 
12 
Were those subjects who were prepared to participate representative 
of the entire population from which they were recruited? The proportion 
of those asked who agreed should be stated. Validation that the 
sample was representative would include demonstrating that the 
distribution of the main confounding factors was the same in the study 
sample and the source population. 
Yes = 1 
No = 0 
Unable to determine = 0 
13 
Were the staff, places, and facilities where the patients were treated, 
representative of the treatment the majority of patients receive? For the 
question to be answered yes the study should demonstrate that the 
intervention was representative of that in use in the source population. 
Yes = 1 
No = 0 
Unable to determine = 0 
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The question should be answered no if, for example, the intervention 
was undertaken in a specialist centre unrepresentative of the hospitals 
most of the source population would attend. 
Internal validity – bias  
14 
Was an attempt made to blind study subjects to the intervention they 
have received? For studies where the patients would have no way of 
knowing which intervention they received, this should be answered 
yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
15 
Was an attempt made to blind those measuring the main outcomes of 
the intervention? 
Yes = 1 
No = 0 
Unable to determine = 0 
16 
If any of the results of the study were based on “data dredging”, was 
this made clear? Any analyses that had not been planned at the outset 
of the study should be clearly indicated. If no retrospective unplanned 
subgroup analyses were reported, then answer yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
17 
In trials and cohort studies, do the analyses adjust for different lengths 
of follow-up of patients, or in case-control studies, is the time period 
between the intervention and outcome the same for cases and 
controls? Where follow-up was the same for all study patients the 
answer should be yes. If different lengths of follow-up were adjusted for 
by, for example, survival analysis the answer should be yes. Studies 
where differences in follow-up are ignored should be answered no. 
Yes = 1 
No = 0 
Unable to determine = 0 
18 
Were the statistical tests used to assess the main outcomes 
appropriate? The statistical techniques used must be appropriate to the 
data. For example, nonparametric methods should be used for small 
sample sizes. Where little statistical analysis has been undertaken but 
where there is no evidence of bias, the question should be answered 
yes. If the distribution of the data (normal or 
not) is not described it must be assumed that the estimates used were 
appropriate and the question should be answered yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
19 
Was compliance with the intervention/s reliable? Where there was 
noncompliance with the allocated treatment or where there was 
contamination of one group, the question should be answered no. For 
studies where the effect of any misclassification was likely to bias any 
association to the null, the question should be answered yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
20 
Were the main outcome measures used accurate (valid and reliable)? 
For studies where the outcome measures are clearly described, the 
question should be answered yes. For studies which refer to other work 
or that demonstrates the outcome measures are accurate, the question 
should be answered as yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
Internal validity – confounding (selection bias) 
21 
Were the patients in different intervention groups (trials and cohort 
studies) or were the cases and controls (case-control studies) recruited 
from the same population? For example, patients for all comparison 
groups should be selected from the same hospital. The question 
should be answered unable to determine for cohort and case-control 
studies where there is no information 
Yes = 1 
No = 0 
Unable to determine = 0 
22 
Were study subjects in different intervention groups (trials and cohort 
studies) or were the cases and controls (case-control studies) recruited 
over the same period of time? For a study which does not specify the 
time period over which patients were recruited, the question should be 
answered as unable to determine. 
Yes = 1 
No = 0 
Unable to determine = 0 
23 
Were study subjects randomized to intervention groups? Studies which 
state that subjects were randomized should be answered yes except 
where method of randomization would not ensure random allocation. 
For example, alternate allocation would score no because it is 
predictable. 
Yes = 1 
No = 0 
Unable to determine = 0 
24 
Was the randomized intervention assignment concealed from both 
patients and health care staff until recruitment was complete and 
irrevocable? All nonrandomized studies should be answered no. If 
assignment was concealed from patients but not from staff, it should be 
answered no. 
Yes = 1 
No = 0 
Unable to determine = 0 
25 
Was there adequate adjustment for confounding in the analyses from 
which the main findings were drawn? This question should be 
answered no for trials if: the main conclusions of the study were based 
on analyses of treatment rather 
than intention to treat; the distribution of known confounders in the 
different treatment groups was not described; or the distribution of 
known confounders differed between the treatment groups but was not 
taken into account in the analyses. In non-randomized studies if the 
effect of the main confounders was not investigated or confounding 
was demonstrated but no adjustment was 
made in the final analyses the question should be answered as no. 
Yes = 1 
No = 0 




Were losses of patients to follow-up taken into account? If the numbers 
of patients lost to follow-up are not reported, the question should be 
answered as 
unable to determine. If the proportion lost to follow-up was too small to 
affect the main findings, the question should be answered yes. 
Yes = 1 
No = 0 
Unable to determine = 0 
Power 
27 
Did the study have sufficient power to detect a clinically important 
effect where the probability value for a difference being due to chance 
is less than 5%? Sample sizes have been calculated to detect a 
difference of x% and y%. 
Yes = 1 
No = 0 
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TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review registration number.  
2 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  4-5 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  
4-5 
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  
3,5 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  
6-7 
Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  
6 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could 
be repeated.  
19 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  
7-8 
Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 




Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  
8 
Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data synthesis.  
8 
Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  9 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  
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Risk of bias across 
studies  
15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  
8 & App. 
1 
Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  
- 
RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  
9-10 & 
Fig. 1 
Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  
10,19 
Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  12, 22 
Results of individual 
studies  
20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
21 & Fig. 
2,3,4 
Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  11-12 & 
Fig. 
2,3,4 
Risk of bias across 
studies  
22 Present results of any assessment of risk of bias across studies (see Item 15).  8, 22 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 




DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  
13 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  
14 
Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  
15 
FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  
16 
 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 
e1000097. doi:10.1371/journal.pmed1000097  
For more information, visit: www.prisma-statement.org.  














CHAPTER 3: Pedalling-Based Protocol Superior to a 10-Exercise, 
Non-Pedalling Protocol for Postoperative Rehabilitation After Total 




The clinical trial documented in this chapter was published in The Journal of Bone 
and Joint Surgery (JBJS) and is formatted to the journal’s guidelines. JBJS is the 
copyright holder of this article, however, as an author of this article, permission for 
its use is granted in an academic dissertation required to obtain an academic degree.  
 
Sattler LN, Hing WA, Vertullo CJ. Pedalling-Based Protocol Superior to a 10-
Exercise, Non-Pedalling Protocol for Postoperative Rehabilitation After Total Knee 
Replacement: A Randomised Controlled Trial. The Journal of bone and joint surgery 










The previous chapter identified the lack of published research available on the topic of early 
exercise therapy following TKR surgery. The lack of evidence to help guide ‘best-practice’ for 
physiotherapist-led exercise prescription in the acute setting after TKR is unexpected as exercise 
therapy is considered a routine component of a TKR patient’s post-operative pathway of care. 
Through a systematic review, Chapter two identified the urgent need for additional research of 
high-quality design on supervised exercise protocols in the early period following TKR surgery.  
 
The aim of Chapter three is to contribute research to the field of early TKR rehabilitation that is 
clinically meaningful, relevant to both orthopaedic physiotherapists and specialists, as well as being 
relatable to patients.  This chapter investigates the effects of two differing physiotherapy exercise 
protocols in the early post-TKR setting. A randomised controlled trial was designed and 
implemented to determine if a novel exercise protocol was superior to a standard physiotherapy 
protocol for patient reported and functional outcomes following TKR surgery.  
 
The intervention protocol was based around the concept of self-directed pedalling on a set of floor 
bicycle pedals; however, it also included a knee extension stretch and gait retraining. The outcomes 
investigated included both functional and patient reported, with the primary outcome of interest 
being the 6-minute walk test, which is a well-validated measure in a TKR population. Further 
perioperative outcomes included length of stay (LOS) post-surgery and the patient’s “safe for 
discharge” status based on therapist-assessed, standardized, predefined criteria. Self-rated pain and 
analgesic consumption self-rated satisfaction with the exercise protocol were also recorded. The 
Oxford Knee Score and EQ-5D questionnaire were used to determine patient reported level of 







Despite the routine use of physical therapy in the immediate and early postoperative phase for 
patients who undergo total knee replacement (TKR), there is a paucity of research into the optimal 
exercise protocols in both the acute inpatient setting and early period after discharge. Pedalling has 
often been recommended by clinicians after TKR for rehabilitation, but to our knowledge, there has 
been no investigation into its utility in the acute postoperative setting. Therefore, we performed a 
randomized controlled trial evaluating the efficacy of pedalling in the acute postoperative period. 
 
Methods  
Sixty TKR patients were randomized to receive postoperative physical therapy involving either a 3-
exercise pedalling (pedalling-based) or 10-exercise, non-pedalling (multi-exercise) protocol. 
Outcomes were assessed at 2 days, 2 weeks, and 4 months, and included physical tests of function, 
patient-reported outcomes, and other perioperative measures. 
 
Results 
With respect to the primary outcome, the 6-minute walk test (6MWT), the measured distance was 
significantly greater in the pedalling-based group than in the multi-exercise group at 2 days 
postoperatively (mean difference, 66 m; p = 0.001). Results of other functional tests, the 10-m walk 
test (10MWT) and the Timed Up & Go (TUG) test, were both significantly superior for the 3-
exercise pedalling group at 2 days (p = 0.016 for 10MWT, and p = 0.020 for TUG). The Oxford 
Knee Score was significantly better for the pedalling group at 2 days (mean difference, 4.5; p = 
0.034) and at 2 weeks (mean difference, 5.6; p = 0.007), as was the EQ-5D score at 2 weeks (mean 
difference, 1.3; p = 0.037). The visual analogue scale (VAS) component of the EQ-5D was 
significantly better for the pedalling group at all time points (p = 0.031 at 2 days, p = 0.050 at 2 
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weeks, and p = 0.044 at 4 months). Length of stay was also significantly shorter, by a half-day, for 
the pedalling-based group (median of 2.5 days compared with 3.0 days for the multi-exercise group; 




A pedalling-based protocol in the immediate postoperative period after TKR was superior to a 
standard multi-exercise protocol in both functional and patient-reported outcomes, with these 
benefits decreasing over time. 
 
 
3.3 Background  
 
Worldwide rates of primary total knee replacement (TKR) for end-stage knee osteoarthritis are 
increasing from 5% to 17% per year, on a background of increasing musculoskeletal disease 
expenditure (153). As this healthcare cost burden will increase, given aging populations and rising 
obesity rates, it is vital to optimize all aspect of perioperative TKR management (155).  
 
While patients who undergo TKR typically receive some form of physical therapy postoperatively, 
variations exist among institutions as to what type of therapy is prescribed. At the same time, there 
is a paucity of evidence-based best practice, which can result in suboptimal outcomes at a greater 
cost (116). While prior studies have evaluated physical therapy following TKR, especially 
examining continuous passive motion, we are aware of no previous study that has focused on entire 
exercise protocols in the acute postoperative setting (117, 119), making the formulation of clinical 




Pedalling is often prescribed after TKR, with the circular motion being theorized to improve flexion 
range and actively recruit the quadriceps while generating low tibiofemoral forces that are less than 
half of those of walking (183). A poll of members of the American Association of Hip and Knee 
Surgeons revealed that 96.4% consider pedalling to be an appropriate exercise for “unlimited 
activity” (184). However, despite being frequently recommended, widely available, patient-driven, 
and low-cost (185), to our knowledge, there has been no investigation of pedalling’s utility in the 
acute postoperative setting (186). 
 
The purpose of the current trial was to compare a 3-exercise floor pedalling (pedalling-based) 
protocol with a 10-exercise, non-pedalling (multi-exercise) protocol, both commenced within 24 
hours of TKR and continuing as self-directed home programs for 2 weeks following discharge. We 
hypothesized there would be no difference in any outcome measure between the 2 protocols. 
 
 
3.4 Materials and Methods 
 
3.4.1 Trial Design 
The study was a randomized controlled trial (RCT), designed and reported according to the 
CONSORT (Consolidated Standards Of Reporting Trials) guidelines (187). Institutional review 
board approval was obtained (Appendix 4 and Appendix 5), and the trial was prospectively 
registered with the Australian New Zealand Clinical Trials Registry at ANZCTR.org.au 




3.4.2 Study Participants 
Patients ≥18 years of age who were scheduled to undergo unilateral TKR for a primary diagnosis of 
osteoarthritis were eligible for inclusion. Patients were excluded if they (1) preoperatively planned 
to be discharged to an inpatient rehabilitation/hostel facility such that the home exercise program 
could not be completed independently, (2) declined to participate, or (3) were scheduled for a 
contralateral TKR within 4 months of the initial procedure. Patients were enrolled from June to 
December 2017, and randomly assigned to the pedalling-based (intervention) protocol or to the 
multi-exercise (control) protocol. Demographic data collected included age, sex, and body mass 
index (BMI). Preoperative baseline Oxford Knee Score values, maximum knee flexion, and 
American Society of Anaesthesiologists (ASA) Physical Status classification were also 
documented. 
 
3.4.3 Randomization and Blinding 
Randomization (1:1 allocation ratio) was performed using a computer-based random number 
generator, Research Randomizer (version 4.0) (189). Group allocation was concealed from both the 
allocator and the patient by opaque sealed envelopes. Different individuals completed the random 
allocation sequence, patient enrolment, and outcome assessment. The operating surgeon and 
assessing therapist were blinded to the group allocation. Patients were also blinded to group 
allocation and were not aware of the exercises each group performed. Therapy sessions were 
undertaken 1-to-1 with the physical therapist, independent of any other patient. During 
postoperative surgical rounds, the surgeon was blinded to the patient’s group allocation. Exercise 
apparatuses were removed from the patient’s room and the surgeon was instructed not to discuss the 
patient’s rehabilitation protocol. The chief investigator and treating physical therapist were required 
to be informed of the patient’s group allocation; however, the assessing therapist was independent 




3.4.4 Surgical Procedure 
A high-volume orthopaedic surgeon with 16 years of experience post-arthroplasty fellowship 
performed all of the procedures at Pindara Private Hospital in Queensland, Australia, according to a 
standardized perioperative protocol. Under tourniquet, a medial parapatellar approach was used, and 
all patients received cemented, fixed-bearing, cruciate-retaining NextGen (Zimmer) TKR implants 
with cross-linked polyethylene liners. Computer navigation was used to place the implants and 
patellar resurfacing was performed for each procedure. Preoperatively, patients received low-dose 
spinal anaesthesia consisting of 3 mL of 0.25% bupivacaine and an ultrasound-guided, single-shot 
adductor canal block using 20 mL of 0.75% ropivacaine 1 hour prior to surgery. A posterior 
capsular and periarticular block was administered prior to component implantation consisting of 20 
mL of 0.75% ropivacaine diluted in 100 mL of saline solution. Surgical drains and indwelling 
urinary catheters were not used. A buprenorphine 5 mg (5 μg/hr) patch was applied for 7 days, and 
as-required oral narcotics (oxycodone 5 to 10 mg, 4-to-6-hourly) were administered for 
breakthrough pain and after discharge. A stratified thromboembolism-prevention protocol was 
undertaken, with low-risk patients receiving 100 mg of aspirin daily for 3 weeks and high-risk 
patients receiving low-molecular-weight heparin for 10 days and then aspirin for 2 weeks. All 
patients were prescribed intermittent foot pumps during hospitalization and 45° of knee flexion over 
pillows while supine for the first 24 hours. All patients received tranexamic acid intraoperatively, 1 
g intravenously and 1 g topically. All wounds were closed in flexion with subcuticular Monocryl 
(Ethicon) covered with adherent water-resistant dressings. 
 
3.4.5 Physical Therapy Interventions 
Patients were first mobilized on the day of surgery and received 20 minutes of physical therapy, 
twice daily, until discharge. The pedalling-based group’s primary exercise was stationary pedalling 
using a set of floor pedals while seated; the height of the chair was adjusted for patient comfort. 
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Patients were encouraged to commence with forward/backward half rotations until full revolutions 
could be achieved. Self-directed pedalling outside of the prescribed physical therapy periods was 
encouraged. Gait retraining and a knee-extension stretch were also included in the pedalling 
protocol Appendix 11. 
 
Stationary floor pedals (x10) were purchased by the hospital at a fixed cost of $35 (USD) each; trial 
participants in the intervention group were loaned the pedals and were asked to return them to the 
hospital on completion of the exercise period for future use (Figure 6). 
 
        FIGURE 6: BICYCLE FLOOR PEDALS 
 
The multi-exercise group underwent the hospital’s existing 10-exercise program, which was 
considered the standard of postoperative physical therapy care. This included seated knee bends, 
inner range quadriceps-strengthening exercises, and functional exercises such as supported mini-
squats and calf raises. The multi-exercise group also received gait retraining and performed knee-
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extension stretches (Appendix 12). The patients were assisted by the therapist in performing 
exercises until they could be completed independently. 
 
On discharge, both groups received a brochure detailing their allotted program and were instructed 
to continue with their exercises, as a self-directed home program, twice daily for 20 minutes until 
the 2-week postoperative surgeon review. Patients were instructed to keep a record of their daily 
therapy regimen in a diary to monitor compliance. The intervention phase of the trial ended at the 2-
week assessment for both groups. Participants from both groups could then self-determine their 
rehabilitation until the final 4-month assessment. 
 
3.4.6 Outcome Measures 
Study outcomes were prespecified at registration and prior to commencement of the trial. 
Performance-based physical function outcomes were measured at 2 days, 2 weeks, and 4 months 
post-surgery. The primary outcome of performance-based physical function was the TKR-validated 
6-minute walk test (6MWT) (179, 190, 191). Secondary outcomes of performance-based physical 
function were the Timed Up & Go (TUG) test, timed 10-m walk test (10MWT), and maximum knee 
flexion measured in sitting. Other secondary outcomes measured were patient-reported outcome 
measures (PROMs) and pain scales, including the Oxford Knee Score and the EQ-5D questionnaire, 
including a visual analogue scale (VAS) for assessing self-rated health (192-195). Further 
perioperative outcomes included length of stay (LOS) post-surgery and the patient’s “safe for 
discharge” status based on therapist-assessed, standardized, predefined criteria. Self-rated pain 
threshold (5-point Likert scale) and analgesic consumption for breakthrough pain were recorded on 
day 2 postoperatively, and self-rated satisfaction with the exercise protocol (5-point Likert scale) 




3.4.7 Sample Size 
On the basis of previous published literature in which the 6MWT was used as a primary outcome 
measure for a TKR population, a sample size of 60 patients was required to detect a clinically 
meaningful change of 50 m between groups, given 80% power and a type-1 error rate of 5% (2-
tailed analysis) and a within-subject standard deviation (SD) of 70 m (196). 
 
3.4.8 Statistical Analysis 
Data were analysed using SPSS Statistics (version 24; IBM) (197). Descriptive statistics for 
continuous data are expressed as the mean and SD, and p values of <0.05 were considered 
significant. A chi-square test was used to analyse differences in baseline variables between the 
groups with respect to categorical data. Categorical data are presented as the number and 
percentage. Normally distributed continuous data were analysed using an independent samples t 
test, with associated 95% confidence intervals (CIs). A nonparametric test, the Mann-Whitney U 






3.5.1 Participant Flow 
Seventy-eight patients were assessed for eligibility; of those, 17 did not meet the inclusion criteria 
and 1 declined participation. In total, 60 patients consented to participate and were randomized to 
either the pedalling-based protocol (n = 30) or the multi-exercise protocol (n = 30) (Figure 7). No 




FIGURE 7: CONSORT (CONSOLIDATED STANDARDS OF REPORTING TRIALS) DIAGRAM 
SHOWING THE FLOW OF PATIENTS THROUGH THE TRIAL 
 
 
3.5.2 Baseline Characteristics 
The 2 groups had similar clinical and demographic baseline characteristics and comparable levels of 
reported preoperative function and pain as assessed by the Oxford Knee Score and Lysholm score 






TABLE 7: BASELINE PREOPERATIVE CHARACTERISTICS OF PARTICIPANTS (N = 60). 
 
3.5.3 Numbers Analysed 
All 60 participants underwent the physical therapy protocol that they were assigned and were 
assessed for all primary and secondary outcome measures at 2 days and 2 weeks postoperatively. A 
final assessment was conducted at 4 months; at this time point, 4 patients, 2 from each group, did 
not attend testing and were not included in the 4-month analysis. 
 
3.5.4 Effect of Intervention 
Values for all primary and secondary outcomes for all time points are shown in Table 8 and 9. 
For the primary outcome, the 6MWT, the measured distance was significantly greater in the 
pedalling-based group at 2 days postoperatively (mean difference, 66 m; p = 0.001). The pedalling-
based group had nonsignificant increases in distance compared with the multi-exercise group at 2 
weeks (mean difference, 42 m; p = 0.073) and at 4 months (mean difference, 26 m; p = 0.259). 
 
In regard to secondary outcomes, results of both the 10MWT and TUG test differed significantly in 




Standard Multi-Exercise Protocol 
 
Bike Pedalling Protocol 
 (n = 30) (n = 30) 
Age (yrs) 66.0 (8.7) 66.8 (6.7) 
Gender, n (%)   
male 18 (60) 22 (77) 
female 12 (40) 8 (23) 
BMI (kg/m2) 29.4 (4.4) 29.3 (4.3) 
Oxford knee score 22.2 (5.4) 25.8 (6.7) 
Lysholm knee score 45.4 (13.9) 50.6 (18.8) 
Knee flexion (degrees), median (range) 110.0 (90.0-110.0) 110.0 (85.0-120) 
ASA Physical Status Classification, n (%)   
I 2 (7) 2 (7) 
II 19 (63) 21 (70) 
III 9 (3) 7 (3) 
All values are expressed as mean (SD) unless otherwise indicated. 
BMI: body mass index. 
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did not differ significantly at 2 weeks or 4 months. No significant differences between the groups in 
terms of maximum knee flexion were found at any time point.  
 
The Oxford Knee Score was significantly better for the pedalling group at 2 days (mean difference, 
4.5; p = 0.034) and at 2 weeks (mean difference, 5.6; p = 0.007), as was the EQ-5D score at 2 weeks 
(mean difference, 1.3; p = 0.037). The VAS component of the EQ-5D was significantly better for 
the pedalling group at all time points (p = 0.031 at 2 days, p = 0.050 at 2 weeks, and p = 0.044 at 4 
months). At 4 months there was no significant difference between the groups in the mean Oxford 
Knee Score (37.6 for the multi-exercise group compared with 39.3 for the pedalling-based group; p 
= 0.259). 
 
LOS was shorter for the pedalling-based group, by a half-day (median of 2.5 compared with 3.0 
days; p = 0.024). Analgesic consumption, home-exercise-program compliance, self-reported pain 














TABLE 8: RESULTS OF FUNCTIONAL OUTCOME MEASURES (PHYSICAL & PATIENT REPORTED) 
AT ALL TIMEPOINTS 
 Multi-Exercise Protocol Pedalling-Based 
Protocol 
  

















       
6 Min Walk test** 
(Meters) 
     
2 days 30 187.0 (67.0) 30 252.9 (73.5) 65.8 (29.4 to 
102.2) 
0.001* 
14 days 30 348.6 (81.8) 30 390.2 (94.2) 41.6 (4.0 to 87.2) 0.073 
4 months  28 488.3 (89.7) 28 514. 0 (78.5) 25.7 (19.5 to 
70.9) 
0.259 
       
10m walk speed 
(Meters/Second)  
      
2 days+ 30 0.60 (0.20 to 1.10) 30 0.70 (0.50 to 1.50)  0.016* 
14 days+  30 1.05 (0.70 to 1.70) 30 1.15 (0.70 to 2.30)  0.199 
4 months 28 1.50 (0.25) 28 1.54 (0.24) 0.04 (0.01 to 
0.12) 
0.592 
       
TUG walk test  
(Seconds)  
      
2 days+ 30 23.9 (12.6 to 54.3) 30 19.3 (9.4 to 40.2)  0.020* 
14 days+ 30 10.7 (6.4 to 24.4) 30 10.0 (5.7 to 18.5)  0.662 
4 months 28 7.1 (1.3) 28 6.9 (1.3) -0.2 (-0.5 to -0.9) 0.578 
       
Knee Flexion 
(Degrees) 
      
2 days 30 90 (50 to 110) 30 90 (80 to 115)   
14 days 30 93 (70 to 150) 30 95 (80 to 125)   
4 months+ 28 110.4 (9.1) 28 113.0 (10.4) 2.7 (2.6 to 7.9) 0.310 
       
Oxford Knee 
Score 
      
2 days 30 20.2 (7.4) 30 24.7 (8.5) 4.5 (0.34 to 8.6) 0.034* 
14 days 30 23.1 (7.9) 30 28.8 (7.6) 5.6 (1.6 to 9.7) 0.007* 
4 months 28 37.6 (4.8) 28 39.3 (6.1) 1.7 (1.3 to 4.6) 0.259 
       
EQ-5D-5L 
Score 
      
2 days 30 12.1 (3.1) 30 11.1 (3.5) 1.0 (-0.7 to 2.7) 0.244 
14 days 30 10.4 (2.6) 30 9.0 (2.2) 1.3 (0.1 to 2.6) 0.037* 
4 months+  28 7.0 (5.0 to 11.0) 28 6.0 (5.0 to 11.0)  0.263 
       








2 days+ 30 60 (10 to 95) 30 80 (25 to 100)  0.031* 
14 days+ 30 75 (50 to 97) 30 88 (40 to 100)  0.050* 
4 months+ 28 88 (50 to 100) 28 90 (75 to 100)  0.044* 
       
 
*  Statistically significant difference (P value < 0.05) 
** Primary Outcome Measure 
+    Values reported as Median (Range) 
 
 Multi-Exercise Protocol Pedalling-Based Protocol  













      
LOS (Days)  30 3.0 (2.0 to 6.0) 30 2.5 (2.0 to 5.0) 0.024* 
      
Readiness for DC 
(Days)+  
30 2.0 (1.0 to 4.0) 30 2.0 (1.0 to 4.0) 0.002* 
      
PRN Analgesia 
(Mg Endone)  
     
2 days 30 10.0 (0.0 to 40.0) 30 5.0 (0 to 60.0) 0.350 
      
Pain Threshold^      
2 days 30 2.0 (1.0 to 4.0) 30 2.0 (1.0 to 5.0) 0.557 
      
Protocol 
Satisfaction^^ 
     
2 days 30 1.0 (1.0 to 2.0) 30 1.0 (1.0 to 3.0) 0.115 
14 days 30 1.0 (1.0 to 2.0) 30 1.0 (1.0 to 3.0) 0.687 
      
HEP Compliance      
14 days 
 
30 100 (55 to 100) 30 100 (50 to 100) 0.314 
 
*   Statistically significant difference (P value < 0.05) 
+     Difference indicated by Mean Ranks: Pedalling Protocol (24.1) was better than Standard 
Protocol (36.9); U = 257.00 
^   Likert Scale: High Pain threshold 1 (strongly agree) to 5 (strongly disagree) 






In this RCT, a pedalling-based physical therapy protocol following TKR, in the acute postoperative 
period commencing within 24 hours and continuing for 2 weeks, was superior to a multi-exercise 
protocol with respect to both the primary outcome measure, the 6MWT, and a number of other 
clinically important secondary outcome measures assessing pain and function. The multi-exercise 
protocol was not superior for any outcome measure at any time point. 
 
Robust clinical evidence is lacking for optimal rehabilitation after joint replacement, despite the 
substantial health cost and its described central role in patients’ functional outcomes. Improving 
walking distance is a function that is “important to a great extent” (198) early after surgery to 
patients, and as such, the primary outcome measure of this study, the 6MWT, was a clinically 
appropriate functional primary outcome measure. The pedalling-based group walked a mean of 66 
m farther in 6 minutes than did the multi-exercise group at day 2, which is notable given that a 
small meaningful increase in 6MWT distance has been defined as 20 m, while an increase of ≥50 m 
is substantial (199). These differences are also consistent with other studies describing 6MWT 
distance improvements of 36 to 61 m as representing a meaningful clinical change (179, 200). 
 
The pedalling-based group also had better PROMs, including the Oxford Knee Score, which 
measures knee pain and function from the patient’s perspective, and the EQ-5D, which includes a 
patient’s self-rated health on a vertical VAS (193, 194). At both 2 days and 2 weeks, the pedalling-
based group reported less pain and greater function as assessed by the Oxford Knee Score and EQ-
5D VAS, with the ≥4.5-point difference between the groups’ Oxford Knee Score values being 
considered clinically meaningful (201). With respect to the perioperative measures of LOS and 
readiness for discharge, results for the pedalling-based group were significantly better for both; 
66 
 
however, a shorter time to discharge would be expected, given that patients in this group were 
walking faster and farther with less pain and greater function. A half-day reduction in LOS would 
have a substantial financial benefit to the private healthcare sector in Australia, equating to an 
approximate saving per hospital stay of $400 (Australian dollars, 2016) for a TKR patient (202). 
 
Other outcomes showed no differences. For uncertain reasons, both groups had similar opiate 
consumption, despite the lower pain reported by the pedalling-based group. Moreover, the lower 
PROMs scores for pain and described benefits of pedalling for improving maximum knee flexion 
did not actually translate into improved flexion. Importantly, both protocols were similarly tolerated 
with respect to reported satisfaction, and all patients were able to complete their prescribed 
protocols without any adverse events. 
 
The most profound differences between the 2 groups were at the earliest assessment, at 2 days, with 
the benefits of the pedalling then decreasing over time. LOS after TKR is declining (with the mean 
inpatient period decreasing from 4.06 to 2.97 days in the United States from 2002 to 2013)(155), 
and as a result, the inpatient physical therapy undertaken in the immediate postoperative phase is of 
increasing importance. It was for this reason that our initial outcomes assessment was undertaken at 
day 2, prior to discharge, rather than later. At 2 weeks, the pedalling-based group’s PROMs 
remained superior, while the EQ-5D VAS scores were significantly better at all time points, 
including at the 4-month final assessment. At 4 months, both groups had improved from baseline, 
but without any functional differences. 
 
It should be emphasized that, while the benefits of pedalling were the focus of this study, the 
pedalling-based group also underwent gait retraining and knee-extension stretches as part of a 
complete rehabilitation protocol. Pedalling as a post-TKR exercise in isolation could be potentially 
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problematic, as it does not retrain the patient’s gait nor achieve full extension. An important 
difference between the 2 protocols is that, while both were associated with similar satisfaction and 
were allocated equal therapist time in accordance with ethical guidelines, the simpler pedalling-
based protocol was more amenable to being self-directed compared with the more complicated 
multi-exercise protocol. 
 
A limitation of this study is the generalizability of its findings to patients at other institutions. All 
TKR procedures were performed by an experienced surgeon at a single high-volume institution, 
using cruciate-retaining prostheses, in patients who were planning to discharge to home and who 
received an anaesthetic regimen designed to allow day-of-surgery mobilization. Therefore, these 
results may not be generalizable when different anaesthetic protocols are used or among patients 
who plan to discharge to an inpatient rehabilitation facility. Participant characteristics were similar 
to the overall primary TKR population, except that both groups had a higher proportion of males 
(AOANJRR Annual Report 2018). In Australia, it should be noted that females comprise a greater 





In conclusion, a pedalling-based physical therapy protocol after TKR was superior to a standard 
multi-exercise protocol in the acute postoperative period. The pedalling-based protocol was superior 
in both functional outcomes (6MWT, TUG, 10MWT) and PROMs (Oxford Knee Score and EQ-5D 
VAS) at day 2, and superior in PROMS at 2 weeks (Oxford Knee Score, EQ-5D, and EQ-5D VAS) 
and at 4 months (EQ-5D VAS). The multi-exercise protocol was not superior for any outcome 
measure at any time point. 
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4.1 Preface  
 
Chapters two and three focused on the specific physiotherapy intervention early after TKR. Chapter 
four now broadens the focus to the overarching rehabilitation process associated with TKR surgery. 
This chapter presents an invited narrative review of current published literature to provide an 
overview of current advancements in rapid recovery and rehabilitation following TKR surgery. 
 
As well as reporting on early mobilisation and exercise therapy following primary TKR this chapter 
also discusses medical and surgical peri-operative advancements in current rehabilitation protocols. 
The combination of physical rehabilitation with medical and surgical protocols form the basis of 
what are known as rapid recovery pathways, which aim to reduce length of hospital stay while 
maintaining optimal patient outcomes. Day of surgery mobilisation, self-directed mobility and 
functional exercise regimes, blood preservation protocols and multi-modal pain management as part 







General Practitioners play a vital and increasing role in the peri-operative care of patients 
undergoing total knee replacement (TKR). Rising obesity rates, sports related injuries, combined 
with an ageing population will result in a sharp increase in TKR procedures within the next decade, 
combined with higher cost concerns. Rehabilitation practices that demonstrate economic efficiency 
and produce superior patient outcomes are a major focus of current research.  
 
Objective 




Rapid recovery protocols have shown to be effective at reducing length of stay, post-operative pain 
and complications without compromising patient safety. These RRPs include same day 
mobilization, blood preservation protocols, self-directed pedalling-based rehabilitation and 
individualised targeted discharge to self-directed, out-patient therapist directed or inpatient 
therapist-directed rehabilitation. Low-cost self-directed rehabilitation should be considered usual 





The burden of knee osteoarthritis in Australia is projected to rise in response to an increase in our 
aging population, obesity rates and sports related injuries (90). Osteoarthritis now affects one in 
71 
 
eleven Australian individuals (205) and has been reported as the second most common diagnosis 
made by general practitioners (GP) consulting with older patients (206, 207). In accordance with the 
growth in prevalence of knee osteoarthritis, total knee replacement (TKR) surgery is also forecast to 
substantially increase in Australia, by up to 276%, by 2030 (90).  
 
TKR has been proven to be effective in improving a patient’s functional status and overall health 
quality and is widely regarded as a highly cost-effective intervention for end-stage knee 
osteoarthritis (95). General Practitioner input is vital in the continuum of care for the periods both 
before and after TKR surgery, being involved in informing patients around their expectations for 
TKR outcomes and rehabilitation. Knee rehabilitation practices have vastly evolved in the last 
decade, with many being associated with a paradigm shift from a traditional “sick-patient” model of 
care to a “well-patient” model (208). Advances in multimodal pain management, blood 
management and early mobilisation protocols all contribute to a rapid recovery pathway which has 
been proven to lower hospital length of stay without adversely impacting postoperative 
complications or readmissions (209).  
 
The aim of this narrative review is to provide a summary of the current advancements in rapid 




4.4 Perioperative Advancements  
 
Rapid recovery pathways encompass each stage of the patient journey and are primarily aimed 
towards reducing length of hospital stay while maintaining patient outcomes (210). Recent non-
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surgical advances in the perioperative period have enabled early mobilisation and have had a direct 
impact on reducing length of stay. Examples of these advancements include blood preservation 
protocols, multimodal analgesia delivery, avoidance of surgical drains and a decreased use of 
indwelling urinary catheters. Literature suggests that these low-technology, low-cost or no-cost 
changes in practice account for the greatest share of improvements in patient experience over the 
past decade (208).  
 
Minimising perioperative blood loss and reducing post-operative blood transfusion is an effective 
blood management strategy that is essential to rapid recovery joint arthroplasty and reduces episode 
of care costs (208). Tranexamic acid (TXA) is an antifibrinolytic inhibitor that minimises bleeding 
by blocking blood clot degradation (211). Randomised trials have shown TXA administered either 
intravenously or topically both show reduced rates of transfusion and thrombotic events in a TKR 
population as well as reducing drain output, if used, and increasing post-operative haemoglobin 
(211, 212). This reduced bleeding has negated the use of surgical drains, with many studies showing 
no benefit or increased risk with drains (213). Moreover, reduced bleeding results in avoidance of 
blood transfusions, which are costly, increase infection risk, and increase the length of stay.  
 
In accordance with the decreased need for wound drains is the reduction of indwelling urinary 
catheter (IDC) use in TKR surgery as a result of low-dose spinal anaesthesia and early mobilisation 
protocols.  Discontinuing with routine IDC insertion for TKR is an important component of rapid 
recovery pathways which aim to facilitate early mobilisation and achievement of discharge goals.  
The use of an IDC can potentially increase postoperative urinary tract infections (UTI), and the 
duration of its use is the most important risk factor for developing UTI (214). This is highly 
relevant to the TKR patient as a UTI has been associated with an increased risk of prosthetic joint 
infection (215). Evidence now suggests that even those TKR patients that have undergone epidural 
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analgesia demonstrated no increased risk of postoperative urologic complications without the 
placement of a preoperative IDC and for those with prostate disorders, the placement of a 
preoperative IDC increased the risk of postoperative UTI (215).  
 
Postoperative pain following TKR surgery is feared by a number of patients and, if severe, may 
inhibit early mobilisation and knee range of motion exercises (216). Multi-modal analgesia is an 
integral part of a rapid recovery pathway, with regional nerve blocks and peri-articular injections 
(PAI) used in favour of epidural anaesthesia or patient-controlled analgesia (PCA) devices (216). 
Low-dose spinal anaesthesia and sedation when combined with a regional nerve block and PAI is 
highly effective is promoting rapid recovery as it facilitates early mobilisation without the 
undesirable side effects of nausea, vomiting and drowsiness often associated with opioid drugs 
administered by means of intravenous PCA (210, 216, 217).   
 
Other expensive high-technological advances such as guided arm surgery (robotic) and patient 
specific instruments, despite heavy promotion and industry claims, have not yet resulted in 
improved patient outcomes (218).  
 
 
4.5 Early Mobilisation & Exercise Therapy 
 
Current definitions of early mobilisation refer to ambulation 4 – 8 hours following TKR surgery 
(219, 220). ’Day of surgery’ mobilisation is becoming more common practice in Australia due to 
the wide range of health benefits it provides to patients (221), with the realisation that it is 
extremely advantageous for patients to gain consciousness post-surgery with no pain, and the ability 
to mobilise within a few hours of their surgery. A literature review of early mobilisation protocols 
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in a post-surgical population revealed reduced rates of post-operative complications such as deep 
vein thrombosis, pneumonia, atelectasis, urinary tract infections, sepsis, myocardial infarction and 
stroke (113).  
 
Early mobilisation has demonstrated a reduction in hospital length-of-stay (222, 223) and there is 
evidence to suggest it can provide improved patient outcomes without an increased risk in 
complications (224). Patients have also reported an overall increase in satisfaction with the 
introduction of early mobilisation and less pain than those receiving standard care (162, 225). 
Previous attitudes about hospitalisation have reinforced passive coping strategies and inactivity in 
patients, however, early mobilisation assists to counteract this and improve health related quality of 
life (224, 226).   
 
Despite TKR patients receiving an in-hospital physiotherapy program of some description, it 
remains uncertain as to what is the optimum type of TKR exercise intervention in the early post-
operative phase (123, 152, 227). A recent systematic literature review and meta-analysis exposed an 
urgent need for further studies of high-quality design into supervised exercise therapy programs to 
provide greater functional outcomes and patient reported satisfaction following TKR surgery, 
particularly in the early postoperative period (152). 
 
 Differing protocols provide some instruction for exercises after TKR in combination with health 
care professionals using their clinical judgment to make adjustments or progressions (227). 
Unfortunately, this paucity of evidence hinders the creation of best-practice guidelines for specific 
exercises, including their duration or frequency following TKR surgery; currently, vast variations in 
care exist.(123). The goals of physiotherapy have changed in line with rapid recovery pathways that 
have been shown to rapidly decrease length of stay after TKR surgery. The most effective 
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physiotherapy exercise protocol during the acute hospital stay is based on restoring safe functional 
mobility and exercises with a focus on increasing knee range of motion such as bike pedalling 
(182).  
 
In 2019, a randomised controlled trial investigated early exercise therapy protocols after TKR 
surgery and was published in the Journal of Bone and Joint Surgery. It showed that a self-directed 
low-cost simple 3 exercise bike pedalling based protocol was superior to a therapist-led standard 
multi-exercise regime, for both functional and patient reported outcomes (182). Based on the results 
of this trial, TKR patients can complete a few simple homebased exercises, focusing on bike 
pedalling, knee extension and heel-toe walking practice for the first 2 weeks following their knee 
surgery and expect optimal outcomes. Following this early recovery period, those patients yet to 
gain 90 degrees knee flexion or who are having difficulty progressing with their mobility may 
benefit from some supervised physiotherapy treatment, with no significant difference been shown 
as to whether that program is supervised in the home or outpatient setting (117).    
 
 
4.6 Length of Stay, Outpatient Arthroplasty & Discharge Destination 
 
Reducing length of stay has been shown to improve functional recovery and a more rapid return to 
independent living, however, early concerns have been raised that decreasing hospital stay may 
result in increased hospital readmissions (115). Numerous studies now demonstrate that rapid 
recovery programs can shorten length of stay without increasing complications or readmissions 
(209, 228-230). Length of stay duration after TKR is decreasing, in Australia the average length of 
stay after TKR declined from 7.1 days in 2009 to 5.4 days in 2016 (98). This decrease in length of 
stay duration is line with trends in the United States, where from 2002 to 2013, the mean inpatient 
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period post TKR decreased from 4.06 to 2.97 days and the percentage of hospital inpatient periods 
of ≥5 days decreased from 24.7 to 6.1% (98).  
 
With concerns regarding healthcare expenditure remaining at the national forefront, a new model of 
care is rising, that is outpatient or day procedure arthroplasty. Outpatient arthroplasty is an 
appealing option for carefully selected patient populations, and it relies on structured rapid recovery 
pathways, including preoperative patient education, regional anaesthesia, and early mobilisation 
(155). Although the uptake of outpatient arthroplasty in Australia has yet to happen as quickly as it 
has in the US, discussions on healthcare reform and a growing body of evidence demonstrating its 
safety in certain patient populations, means it may become a viable way to reduce the growing 
financial burden for the predicted increase in TKR surgery over the next decade (231).  
Referral rates to extended inpatient rehabilitation in Australia are high, it is estimated that 
approximately 40% of privately insured and 20% of public sector patients were referred to inpatient 
rehabilitation following TKR surgery in 2014 (232). This high referral pattern contrasts with 
evidence to suggest that functional outcomes for those attending inpatient rehabilitation are not 
superior in randomised controlled trials to those discharged to home or community-based 
rehabilitation (131).  
 
A recent landmark Australian study, the HIHO randomised clinical trial, compared outcomes for 
TKR patients discharged to inpatient rehabilitation with those who completed a supervised home-
based program, finding no differences between groups for mobility, reported pain and function, or 
quality of life (131). Although a formal cost analysis was not performed in this trial, the results 
suggest that health care system costs can be reduced without harming patient outcomes (98). 
Literature states that a home discharge can be $16,000 less expensive than discharge to an acute 
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inpatient rehabilitation facility (143). Given this potential cost saving there needs to be urgent 
review of the reasons behind the large number of rehabilitation referrals (143, 233).  
 
The seemingly indiscriminate use of inpatient rehabilitation following uncomplicated primary TKR 
surgery is now being considered as “low value care” in Australia, however, system-level changes to 
guidelines and incentives for hospitals along with development of more accurate patient screening 





The use of rapid recovery pathways after TKR surgery is increasing. They have shown to be 
effective at reducing length of stay without compromising patient safety. Examples of rapid 
recovery protocols include perioperative advancements, early mobilisation and active exercise 
therapy such as bike pedalling and regaining functional mobility, which in turn has also contributed 
to a further reduction in length of stay.  
 
Financial considerations need to be of urgent priority as the economic burden of TKR will continue 
to strain both the private and public sectors as rates of TKR are forecast to increase. Recently, it has 
been shown that inpatient rehabilitation after routine TKR offers no greater functional or quality of 
life benefits than those patients discharged to home. Healthcare reform and hospital policy review is 
needed to better facilitate home-based care. Additionally, outpatient arthroplasty which would 
currently be considered novel in Australia, is rapidly growing overseas and may provide a 




CHAPTER 5: Intrinsic Patient Factors Predictive of Inpatient 
Rehabilitation Facility Discharge Following Primary Total Knee 
Arthroplasty: A Systematic Review and Meta-Analysis. 
 
 
The systematic review and meta-analysis documented in this chapter was published 
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Chapters two and three have shown that although evidence is lacking for the optimal type of 
physiotherapist-led exercise interventions after TKR it has been demonstrated that a simple home-
based three-exercise protocol provides superior patient outcomes over a standard multi-exercise 
regime. Chapter four provided a narrative review on the broader aspects of TKR rehabilitation 
which included a discussion on the high rates of discharge to an inpatient rehabilitation facility after 
primary TKR in Australia. The considerable prevalence of inpatient rehabilitation discharge after 
primary TKR contrasts evidence suggesting a home discharge is associated with superior outcomes 
and significantly lower costs when compared to inpatient rehabilitation discharge. 
 
Chapter five now explores the literature to determine if there are patient-level factors contributing to 
discharge to inpatient rehabilitation after primary TKR. This chapter presents a systematic literature 
review and subsequent meta-analysis on pre-operative intrinsic patient factors that are predictive of 
discharge to an inpatient rehabilitation facility following primary TKR. If these predictive factors 
are better known, then this would enable early and targeted discharge planning to occur and allow 
for the optimisation of post-acute resource allocation.  
 
Post-acute care comprises a significant cost associated with TKR surgery and discharge destination 
plays a crucial role in determining the total costs involved. Healthcare systems are under growing 
economic pressure as they try to meet the increased demand for joint replacement procedures and 
subsequent rehabilitation costs. Given the current and projected expenditure on inpatient 
rehabilitation after primary TKR it is imperative to have a thorough understanding on which patient 







Total Knee Arthroplasty (TKA) reduces pain and improves function in those suffering from severe 
osteoarthritis. A significant cost of TKA is post-acute care, however, current evidence suggests that 
discharge to an Inpatient Rehabilitation Facility (IRF) has inferior outcomes to home discharge, 
with no greater benefit in physical function. Only individual studies have investigated TKA patient 
characteristics predictive of discharge destination, therefore, the aim is to systematically review the 
literature and meta-analyse intrinsic patient factors predictive of IRF discharge. If predictive factors 
are known, then early discharge planning and intervention strategies could be implemented.  
 
Methods  
Databases PubMed, CINAHL, Embase, Cochrane, and Pedro were searched up to October 2019 for 
all studies investigating pre-operative intrinsic patient factors predictive of IRF discharge. For 
assessing the methodological quality of included studies, the Quality In Prognosis Studies (QUIPS) 
tool was used. Statistical analysis and graphical reporting were conducted in R statistical software. 
To assess the effect of predictors of discharge destination, odds ratios with the corresponding 
95%CI were extracted from the results of univariate and multivariable analyses. 
 
Results 
A total of 9 articles published between 2011 to 2018 with 218,151 TKA patients were included. Of 
the 13 intrinsic patient factors reported, 6 met the criteria for synthesised review: age, obesity, 
comorbidity, gender, SF-12/VR-12 survey, and smoking. Due to the heterogeneity of statistical 
analysis and reporting 2 variables could undergo meta-analysis, gender and smoking. Female 
gender increased the likelihood of IRF discharge by 1.78 (OR=1.78; 95%CI=1.43–2.20; I2=33.3%), 
however, the relationship between smoking status and discharge destination was less certain 





In this systematic literature review and meta-analysis, female gender was shown to be predictive of 
IRF discharge after total knee arthroplasty. There was also a trend for those of older age and 
increased comorbidity, as measured by the Charlson Comorbidity Index, or the severely obese to 
have an increased likelihood of IRF discharge. The marked heterogeneity of statistical methods and 
reporting in existing literature made pooled analysis challenging for intrinsic patient factors 
predictive of IRF discharge after TKR. Further, high quality studies of prospective design on 
predictive factors are warranted, to enable early discharge planning and optimise resource allocation 
on post-acute care following TKA. 
 





From 2014 to 2030 in the United States, primary total knee arthroplasty (TKA) is projected to 
increase by 85% to 1.26 million surgical procedures (235). TKA is widely regarded as a cost-
effective intervention for end-stage knee osteoarthritis, improving both a patient’s functional status 
and overall health quality (95). However, with the societal burden of cost for TKA increasing, there 
is a need to evaluate the economic efficiency of current models of care (236, 237). 
  
Total Joint Arthroplasty (TJA) is reportedly the most frequent procedure leading to post-acute 
admission to an Inpatient Rehabilitation Facility (IRF), representing one of the most significant 
costs associated with TKA (237, 238). Acute post-discharge care following primary TKA can 
account for up to 37% of the total procedure cost, with home discharge reported as costing $16,000 
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less than discharge to an IRF in the United States (233, 239). While IRF patients receive 
multidisciplinary input such as physical therapy and occupational therapy, this has yet to translate 
into evidence for improved functional outcomes when compared with TKA patients discharged 
directly to home (131, 240). Moreover, retrospective studies relying on administrative datasets have 
shown TKA patients with an IRF discharge have a significantly higher adverse event and 30-day 
readmission rate compared to those discharged home (241, 242). 
 
The decision to discharge a patient to an IRF is dependent on many variables and identifying pre-
operative factors that increase the likelihood of IRF discharge will better facilitate pre-operative 
discharge planning and resource allocation. Given an estimated 1.82 billion (USD) is spent on IRF 
discharge after lower-extremity arthroplasty it is imperative to determine which factors create a 
higher risk for non-home discharge (243). To date, only individual studies have investigated TKA 
patient characteristics predictive of discharge destination, therefore, the aim of this review was to 
systematically review the literature and conduct a meta-analysis on reported intrinsic patient factors 





This systematic review and meta-analysis was prospectively registered on PROSPERO 
(International prospective register of systematic reviews), registration CRD42019134422 and is 
reported in accordance with the guidelines from the PRISMA (Preferred Reporting Items for 




5.4.1 Search Strategy 
Relevant online databases PubMed, Cumulative Index to Nursing and Allied Health (CINAHL), 
Embase, Cochrane, and Pedro were systematically searched from database inception to October 3rd, 
2019. Key terms were identified for the search, including knee arthroplasty, predictor, and 
discharge, as well as synonym words, utilising Medical Subject Heading and Boolean operator 
terms. The complete search strategy is reported in Table 10. 
 
TABLE 10: CRITICAL REVIEW DATABASES AND SEARCH TERMS 
 

















































5.4.2 Study Eligibility 
We included all articles of any study design investigating pre-operative patient factors for their level 
of predictivity of IRF discharge following primary TKA. Key inclusion criteria were that the article 
be available in full text English, a search term was required in the title or abstract, the population 
studied was primary unilateral knee replacement patients, a pre-operative intrinsic patient factor 
was a variable in the study and an outcome included discharge destination. Intrinsic factors were 
defined as those inherent to the individual, including demographic characteristics age, gender, 
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ethnicity, socioeconomic status as well as clinical factors such as presence of co-morbidity. 
Behavioural factors such as smoking and alcohol consumption, and patient reported outcome 
measures that capture the patient’s perspective were also considered intrinsic factors and included. 
Non-intrinsic factors were excluded, where the patient was subject to an intervention such as 
participation in a pre-operative exercise class or education session. Additional exclusion criteria 
were post-operative variables including length of stay (LOS), readmission status and other post-
operative complications. Studies that did not separate the reporting of primary TKA were also 
excluded, as were studies that took place after discharge from the post-acute hospital setting, such 
as outpatient or inpatient rehabilitation.  
 
5.4.3 Study Selection 
Based on the inclusion criteria, an initial screening of titles and abstracts was conducted, next, a 
screening of extracted full text papers was conducted for final review. Those studies that met the 
inclusion/exclusion criteria for this literature review were then screened for eligibility to be 
included for meta-analysis.  
 
5.4.4 Data Extraction 
A modified form based on the Critical Appraisal and Data Extraction for Systematic Reviews of 
Prediction Modelling Studies (CHARMS) Checklist was used for data extraction (244). Data 
regarding author, year of publication, country, study design, exclusion criteria, patient factors 
investigated, sample size, participant age and gender as well as a description of statistical analysis 




5.4.5 Quality Assessment 
For assessing the quality of individual studies, the Quality In Prognosis Studies (QUIPS) tool was 
applied (245). The QUIPS tool is a validated tool for assessing risk of bias in prognostic factor 
studies and provides a qualitative assessment of six domains: (I) Study Participants, (II) Study 
Attrition, (III) Prognostic Factor Measurement, (IV) Outcome Measurement, (V) Study 
Confounding and (VI) Statistical Analysis and Reporting (246). For each of these 6 domains, the 
responses `yes', `partial', `no' or `unsure' for three up to seven items within each domain are 
combined to assess the risk of bias. Two reviewers, following the guidelines of Hayden et al 2013 
(246) independently assessed each study, ranking the risk of bias as high, moderate or low. If the 
authors disagreed on the risk of bias rating, a consensus agreement was reached by joint discussion. 
 
5.4.6 Statistical Analysis 
Statistical analysis and graphical reporting were conducted in R statistical software, version 3.5.3 
[R-Core], using packages metafor and forestplot (247). To assess the effect of predictors of 
discharge destination, odds ratios with the corresponding 95% CI were extracted from the results of 
univariate and multivariable analyses. When these effect sizes were not reported in univariate 
results, they were computed from the count data, if available.   
 
Meta-analysis of a patient factor was considered where there was a minimum of three studies 
reporting an association between the predictor and discharge destination. Meta-analysis was only 
applied to a factor if the reference categories were similar. Forest plots without pooled effect were 
produced for those studies considered ineligible for meta-analysis to gain insight into the degree of 
predictability of the patient factor. Heterogeneity of included studies’ estimates were assessed by 
computing the I2 statistic and was considered statistically significant at P < 0.10. I2 values were 
used to describe the percentage of total variation across studies; an I2 value of 25% was considered 
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low, 50% moderate, and 75% high (248). Pooling of the odds ratios across studies was carried out 





5.5.1 Literature Search and Study Characteristics  
The results of the search strategy and screening process are shown as a flowchart in Figure 8. After 
duplicates were removed, 1557 articles were screened for eligibility with reasons for exclusion 
listed. A total of 9 articles published between 2011 to 2018, with 218,151 TKA patients, were 








FIGURE 8: FLOW DIAGRAM OF SYSTEMATIC SEARCH, SCREENING AND SELECTION PROCESS 
 
 
The individual studies and their characteristics can be found in Table 11. Patient demographics 
were similar across studies for mean age ranging from 61–70 years, however, female gender had 
greater variation, ranging from 56 to 83 percent of the study populations. Country of origin was the 
United States for 8 of the 9 papers, with 1 being from Australia. All studies were of observational 
cohort design, 7 were performed retrospectively. 
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Anoushiravani et al, 
2016. USA 
 
Assessing In-Hospital Outcomes and 
Resource Utilization After Primary 
Total Joint Arthroplasty Among 
Underweight Patients. 
 
Retrospective matched cohort; 
 
Weight loss and obesity, due to the 
nature of the study, were excluded 


















Crawford et al, 2011. 
USA 
 
Preoperative Predictors of Length of 
Hospital Stay and Discharge 
Disposition Following Primary Total 
Knee Arthroplasty at a Military 
Medical Centre. 
 
Retrospective cohort;  
 





















D’Apuzzo et al, 2015. 
USA 
 
The John Insall Award: Morbid 
Obesity Independently Impacts 
Complications, Mortality, and 
Resource Use After TKA. 
 
Retrospective matched cohort; 
 
Obesity, due to the nature of the 
study, was excluded from the 
matching criteria. Morbidly obese 















Murphy et al, 2018. 
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Prohaska et al, 2017. 
USA 
Preoperative Body Mass Index and 
Physical Function are Associated 
with Length of Stay and Facility 
Discharge after Total Knee 
Arthroplasty 
Prospective cohort;  
 
Bilateral procedures, simultaneous 
and staged within one year, and 
those with concomitant joint 
arthroplasty or ligament repair on 

























Rissman et al, 2016. 
USA 
 
Predictors of Facility Discharge, 
Range of Motion, and Patient-
Reported Physical Function 
Improvement After Primary Total 




Prospective cohort;  
 






















Sayeed et al 2016. 
USA 
 
Comparing In-Hospital Total Joint 
Arthroplasty Outcomes and 
Resource Consumption Among 




Retrospective matched cohort;  
 
Weight loss and obesity, due to the 
nature of the study, were excluded 













Schwarzkopf et al, 
2016. USA 
 
Factors Influencing Discharge 
Destination 
After Total Knee Arthroplasty: 
A Database Analysis 
 
 


















Sikora-Klak et al, 
2016. USA 
 
The Effect of Comorbidities on 
Discharge Disposition and 
Readmission for Total Joint 
Arthroplasty Patients 
 
Retrospective cohort  
 
Bilateral procedures were excluded 
as were patients undergoing joint 




















Abbreviations: ASA, American society of anaesthesiologists; BMI, body mass index (kg/m2); CCI, Charlson comorbidity index; Hb, Hemoglobin; ROM, range of motion; SES, socioeconomic status; SF-12, 12 item Short Form 
Health Survey (physical component score); VR-12, Veterans RAND 12 Item Health Survey; VTE, Venous thromboembolism.   









5.5.2 Methodical Quality 
QUIPS ranking did not vary by more than one category between raters for any criteria for each 
publication and consensus was achieved by discussion. Table 12 presents the risk of bias scores for 
all included studies. The risk of bias was ranked low across all studies for “study participation,” 
“prognostic factor measurement,” and “outcome measurement.” However, “study confounding,” 
was ranked moderate or high for risk of bias across 6 of the 9 studies. As 8 of the 9 studies did not 
report on perioperative factors such as surgical and anaesthetic technique or physical therapy 
protocols this could have a confounding effect on the other patient factors assessed. 
TABLE 12: RESULTS OF RISK OF BIAS ASSESSMENT USING THE QUALITY IN PROGNOSIS 
STUDIES (QUIPS) TOOL FOR INCLUDED STUDIES. 
 
 
Study participation = the representativeness of the study sample; Study attrition = whether participants with follow-up 
data represent persons enrolled in the study; Prognostic factor measurement = adequacy of prognostic factor 
measurement; Outcome measurement = adequacy of outcome measurement; Study confounding = potential 
confounding factors; Statistical analysis and reporting = the appropriateness of the statistical analysis and completeness 
of reporting 

















Anoushiravani Low Low Low Low  Moderate Low 
Crawford Low Low Low Low  Moderate Moderate 
D’Apuzzo Low Low Low Low  Moderate Low 
Murphy Low Low Low Low  Low Low 
Prohaska Low Low Low Low  Low Low 
Rissman Low Low Low Low  Low Low 
Sayeed Low Low Low Low  Moderate Moderate 
Schwarzkopf Low Moderate Low Low  High Low 
Sikora-Klak Low Low Low Low  Moderate Low 
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5.5.3 Intrinsic Patient Factors Analysed 
Patient factors in the included studies that were analysed for their association with discharge 
destination were age, American society of anaesthesiology (ASA) score, body mass index (BMI), 
Charlson comorbidity index (CCI), diabetes, gender, ethnicity, haemoglobin (Hb), knee range of 
motion (ROM), socioeconomic status (SES), 12 item short form health survey or 12 item Veteran’s 
RAND health survey (SF-12/VR-12), smoking and venous thromboembolism (VTE) history. Table 
13 details the predictability of each patient factor on discharge destination for the included studies. 
Of the 13 patient factors reported on, 6 factors met the criteria for comparison and a synthesised 
review, these were age, BMI, CCI, gender, SF-12/VR-12 survey, and smoking status.  
 
i. Demographic Factors 
The patient factor gender was able to undergo meta-analysis in 4 studies (252-254, 257) to provide 
results of a combined effect on predictability of discharge destination. Being of female gender 
increased the likelihood of IRF discharge by 78% when compared to male gender (OR = 1.78; 95% 
CI = 1. 
 
ii. Clinical Factors  
Studies varied in their reporting of patient comorbidities. CCI was reported in 3 studies but due to 
methodological heterogenicity could not be meta-analysed (252-254). The CCI quantifies an 
individual’s burden of disease and corresponding 1-year mortality risk, with a lower score equalling 
a lower risk (258). Figure 12 shows a trend was towards a higher CCI being more predictive of IRF 
discharge.   
 
iii. Behavioural Factors 
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Smoking status (non-smoker or currently smoking) was reported on in 3 studies and was included in 
meta-analysis (252, 253, 257). Smoking showed an overall decreased likelihood of IRF discharge 
(OR = 0.80; 95% CI 0.42–1.50), however, heterogeneity of the studies was moderate (I2 = 68.5%) 
(Figure 13). 
 
iv. Patient Reported Outcome Measures 
A self-reported measure of physical function was assessed in 3 (252-254) of the 9 included studies, 
and due to the similarity of the design and scoring systems of the SF-12 and VR-12 it was decided 
to combine the results of these tools (Figure 14) (259, 260). Only 1 study, Prohaska et al, 
demonstrated a consistent association with IRF discharge related to lower self-reported physical 













TABLE 13: PATIENT FACTORS PREDICTIVE OF INPATIENT REHABILITATION DISCHARGE  







– ✓✓ – ✓✓ ✓✓ ✓✓ – ✓✓ ✓✓ 6/6 




– – – – – 2/2 
BMI (higher) ✓* x ✓ ✓✓ ✓✓ ✓✓ x – – 5/7 
CCI (higher) – – – ✓✓ ✓✓ ✓✓ – ✓✓  4/4 
Diabetes (yes) – – – – – – – – ✓✓ 1/1 
Gender (Female) – – – ✓✓ ✓✓ ✓✓ – ✓✓ ✓✓ 5/5 
Ethnicity  
(non-Caucasian) 
– – – – – – – ✓✓ – 1/1 
Hb (low) – – – – ✓✓ – – – – 1/1 
Knee ROM (low) – – – – – x – – – 0/1 
SES (lower) – – – ✓✓ – – – – – 1/1 
SF-12/VR-12 
(lower) 
– – – ✓✓ ✓✓ ✓✓ – – – 3/3 
Smoking (yes) – – – ✓✓ x – – – ✓ 2/3 
 
VTE History (yes) 
 
– – – – – – – – ✓✓ 1/1 
Abbreviations: ASA, American society of anaesthesiologists; BMI, body mass index (kg/m2); CCI, Charlson comorbidity index; Hb, Hemoglobin; ROM, range of motion; SES, socioeconomic status; SF-12, 12 item Short 
Form Health Survey (physical component score); VR-12, Veterans RAND 12 Item Health Survey; VTE, Venous thromboembolism.   
*BMI <19kg/m2 (Underweight patients) 






FIGURE 9: META-ANALYSIS SHOWING THE ADJUSTED ODDS RATIOS AND 95%CI OF A 
RANDOM EFFECTS (RE) MODEL FOR LIKELIHOOD OF DISCHARGE TO IRF FOR FEMALES 





FIGURE 10: ADJUSTED ODDS RATIOS AND 95%CI SHOWING LIKELIHOOD OF DISCHARGE TO 





FIGURE 11: ADJUSTED ODDS RATIOS AND 95%CI SHOWING LIKELIHOOD OF DISCHARGE TO 





FIGURE 12: ADJUSTED ODDS RATIOS AND 95%CI SHOWING LIKELIHOOD OF DISCHARGE TO 





FIGURE 13: META-ANALYSIS SHOWING THE ADJUSTED ODDS RATIOS AND 95%CI OF A 
RANDOM EFFECTS (RE) MODEL FOR THE EFFECT OF SMOKING ON DISCHARGE TO IRF. 




FIGURE 14: ADJUSTED ODDS RATIOS AND 95%CI SHOWING LIKELIHOOD OF DISCHARGE TO 
IRF WITH LOWER VR-12 SCORE. UNADJUSTED ODDS RATIOS WITH 95%CI ARE ALSO 
REPORTED. 





This systematic review and meta-analysis demonstrate that it is difficult to develop predictive 
models for intrinsic patient factors associated with IRF discharge based on the current existing 
literature. The large degree of heterogeneity and wide variation of statistical analysis and reporting 
across the included studies precluded meta-analysis for all but 2 variables. Two included factors 
underwent meta-analysis, gender and smoking (Figure 9 and Figure 13). There was a clear 
association between female gender and likelihood of IRF discharge, however, the relationship 
between smoking status and IRF discharge was less certain due to the heterogeneity of the studies 
included in the smoking meta-analysis (I2 = 68.5%). For the other intrinsic patient factors included 
in this review, the strongest trends for discharge to IRF were older age, greater comorbidity or the 
severely obese. A worse self-reported physical function was not consistently associated with an 
increased risk for IRF discharge. 
 
Although to our knowledge this is the first systematic literature review and meta-analysis where the 
primary outcome of interest is discharge destination, systematic reviews on patient factors 
predictive of increased length of hospital stay following TJA have been published (261, 262). The 
patient risk factors found in this review that trended towards an increased likelihood of discharge to 
IRF, are similar to those reported for increased length of stay, including female gender, older age, 
increased comorbidities and higher BMI (261, 262).  
 
A limitation of this review is that the studies included were mostly of retrospective design and all 
utilised large medical databases as the source of patient predictors. The use of large databases for 
analysis has been reported as having limitations such as coding bias (263). Additionally, using a 
retrospective cohort design limits the investigation to only variables recorded at that time. It is 
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likely that other surgical, psychological and sociological variables could be predictive of discharge 
destination, however, if this information is not available at the time of retrospective data collection 
then it will not be included in analysis. As a number of the studies underwent univariate analysis 
only, the risk of confounding from related variables such as older age and co-comorbidities is also 
increased. In terms of sociological factors, insurance status has been shown to be predictive of IRF 
discharge (148), however, due to the international variability of insurance models this was excluded 
from analysis.  
 
One psychological variable that has been shown to be predictive of discharge destination following 
TJA is patient expectation (148). Halawi et al found that a patient’s pre-operative expectation of 
their discharge destination was the strongest predictor of actual discharge destination even when 
adjusted for other variables such as age and caregiver assistance. As this study did not separate 
TKA from total hip arthroplasty it was not eligible for inclusion in this review, but it does highlight 
the need for more studies incorporating patient belief systems into predictive modelling for IRF 
discharge.  
 
With a growing body of evidence suggesting that IRF discharge following routine primary TKA is 
not superior to home discharge, further prospective high-quality studies investigating the patient 
factors that are predictive of discharge destination are needed. Previous studies have assessed 
patient factors by retrospectively accessing medical records, however, many of these are non-
modifiable such as age and gender. With significantly increased costs associated with IRF when 
compared with home discharge after TKA, modifiable patient factors such as BMI and patient 







This systematic review and meta-analysis illustrate that although literature exists on investigating 
which intrinsic patient factors are predictive of IRF discharge, there is large variation in statistical 
methods and reporting. Female gender and smoking were two patient factors able to be included in 
this meta-analysis, with female gender shown to be predictive of IRF discharge, however, the 
relationship between smoking and discharge destination was less certain. There was also a trend for 
those of older age, increased comorbidity or in a severely obese category to have an increased 
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TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  2 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; 
conclusions and implications of key findings; systematic review registration number.  
2,3 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  4 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  
4 
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  
5 
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considered, language, publication status) used as criteria for eligibility, giving rationale.  
5,6 
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identify additional studies) in the search and date last searched.  
5 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could 
be repeated.  
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p20 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 




Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  
6 
Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  
NA 
Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data synthesis.  
6,7 
Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  7 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  
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Risk of bias across 
studies  
15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  
6,7 
Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  
7 
RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  
7-8 & 
Fig 1 
Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  
Table 2, 
p 22-23 
Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  p 8 & 
Table 3, 
p 24 
Results of individual 
studies  
20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
Table 4, 
p 25 
Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figures 
2 - 7 
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Item 16]).  
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relevance to key groups (e.g., healthcare providers, users, and policy makers).  
10-12 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  
11 
Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  
12 
FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  
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CHAPTER 6: Which Patient Factors Best Predict Discharge 




The clinical trial documented in this chapter has been published online in The Journal 
of Arthroplasty (JOA) and is formatted to the journal’s guidelines. The publisher of 
JOA, Elsevier, grants authors copyright permission for the use of articles for 
inclusion in a dissertation or thesis under a (CC BY-NC-ND) licence. 
 
 
Sattler LN, Hing WA, Rathbone EN, Vertullo CJ. Which Patient Factors Best Predict 
Discharge Destination After Primary Total Knee Arthroplasty? The ARISE Trial. The 













The previous chapter explored the literature for the reported intrinsic patient factors predictive of 
inpatient rehabilitation discharge after TKR. Although various studies were found in the review to 
investigate this topic, the synthesis of the findings was challenging due to significant heterogeneity 
of statistical methods and reporting. Additionally, due to the included studies utilising a 
retrospective analysis of medical databases, other key predictive factors were likely missed such as 
those that were psychological or sociological in nature.  
 
Chapter six aimed to prospectively develop a new instrument that incorporated questions related to 
psychological, functional, and socio-demographic variables to determine the predictivity of these 
variables for inpatient rehabilitation discharge after primary TKR. Although patient expectation of 
discharge destination has been incorporated into previous questionnaires, it has been excluded from 
the scoring models of those tools. The newly developed tool described in this chapter is intended to 
not only determine patient preference for inpatient rehabilitation but further explore some of the 
reasons for that preference.  
 
Along with Chapter five, this chapter builds on the discussion around the importance of increasing 
understanding behind the drivers of inpatient rehabilitation after primary TKR. It was established in 
the previous chapter that recent evidence is not in support of inpatient rehabilitation over home 
discharge for primary TKR, with superior outcomes and lower costs being associated with home 
discharge. The trial in Chapter six is designed to expand on the results of Chapter five, by exploring 









The role of inpatient rehabilitation after total knee replacement (TKR) remains uncertain, with 
evidence suggesting no better functional outcomes for those who discharge to rehabilitation to those 
who discharge home. The aim of this study was to develop and implement a preoperative predictive 
tool, ARISE (Arthroplasty Rehabilitation Initial Screening Evaluation), that incorporated 
psychological, functional, and socio-demographic factors to determine discharge destination. 
 
Methods  
One week prior to TKR, the ARISE tool was administered to 100 patients, in addition to an EQ-5D-
5L survey and other demographic data being recorded. The primary outcome was discharge 
destination. An enhanced recovery pathway, which included an anaesthetic protocol designed to 
optimise early mobilisation, was utilised. Univariable and multivariable logistic regression analysis 
was performed to determine the likelihood of discharge destination. 
 
Results  
Patients in the rehabilitation group were, on average, 4.5 years older than the home group 
(P=0.036). After multivariable regression, ARISE questions that were predictive of discharge 
destination related to beliefs around the superiority of inpatient rehabilitation (OR=9.9 [2.6–37.9]) 
and post-discharge level of support (OR=6.3 [1.5–26.8]). No question around self-reported physical 
function was predictive. 
 
Conclusion  
Pre-operative patient beliefs regarding rehabilitation and future home support are highly predictive 
of discharge destination after primary TKR. Pre-operative patient reported functional status and 
demographic variables, with the exception of increasing age, were not shown to be predictive. 
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Predicting those that are most likely to discharge to rehabilitation allows for early, targeted 





Worldwide rates of total knee arthroplasty (TKR) are expected to continue to rise (90, 92, 236, 265) 
on the background of an aging population and a global obesity epidemic (1, 266-268). The 
increasing prevalence and cost of TKR will have significant economic implications which will lead 
to greater emphasis on controlling expenditure without compromising patient outcomes (239).  
Post-acute care comprises a significant portion of the costs associated with TKR, reportedly being 
over one third of total episode of care costs (269). One of the most substantial post-acute care costs 
is discharge to inpatient rehabilitation, with those who do having a greater associated cost burden 
when compared to those TKR patients that discharge to home (131, 239). With this increased 
demand for arthroplasty there will be a coincidental increase in the number of those discharging to 
inpatient rehabilitation after TKR. Currently, there is a paucity of evidence supporting discharge to 
inpatient rehabilitation over discharge home after uncomplicated, primary TKR, with the 
recommendation of home discharge being the primary aim in this population (131). Moreover, large 
unexplained regional variations in discharge destination currently exist (98).  
 
Predicting pre-operatively those patients with the greatest likelihood of discharging to inpatient 
rehabilitation allows for early and targeted interventions designed to increase the likelihood of safe 
discharge directly home. A tool which can effectively predict discharge destination, prior to surgery 
also allows for the optimisation of resource allocation. The preoperative organisation of home-
based services or inpatient rehabilitation facility admission allows discharge planning to be initiated 
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prior to surgery. Additionally, identifying those patients that have pre-operative concerns about 
returning directly to their home environment after TKR provides opportunity for discussion and 
reassurance regarding the objective measures the clinical team uses to assess readiness and safety 
for home discharge from the acute hospital setting.  
 
Previous tools designed to predict discharge destination have failed to demonstrate a high level of 
accuracy in those TKR patients with a “medium” level of risk for a “non-home” discharge, which 
includes inpatient rehabilitation (151, 270-272). This issue is further heightened as the “medium” 
category is comprised of the largest number of patients, when compared to those considered as 
“low” or “high risk”, for discharge to inpatient rehabilitation (151, 270-272). While, patient 
expectation of discharge destination has been shown to be the most predictive factor of actual 
discharge destination, this component has not been included in the scoring models of existing 
predictive tools (148). Moreover, while the influence of patient expectation on discharge destination 
after TKR has been reported, the reasons behind that expectation has yet to be explored (148, 151, 
271). 
 
The aim of this trial was to develop and administer a questionnaire comprised of socio-
demographic, functional and psychological domains, the ARISE (Arthroplasty Rehabilitation Initial 
Screening Evaluation) tool, to identify which patient factors best predict discharge destination in a 









6.4.1 Trial design 
This study was a prospective cohort trial, designed and reported in accordance with the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement 
guidelines (273). Institutional review board approval was obtained (Appendix 19), and the trial was 
prospectively registered at Australian New Zealand Clinical Trials Registry (Identifier 
ACTRN12619001483145). 
 
6.4.2 Questionnaire design and development 
The construction of the ARISE tool was based on the International Association for Medical 
Education (AMEE) guidelines for developing questionnaires, which is a systematic, seven-step 
process for designing high-quality questionnaires (274). A literature review of existing tools was 
performed to establish the first version of the ARISE tool question items and response categories 
were based on a Likert-style scale. Patient interviews were then conducted to make further 
refinements. Expert validation was conducted through interviews with independent orthopaedic 
specialists and physiotherapists before administering the fourth and final version of the ARISE tool 
(Figure 15).  
 
6.4.3 Participants 
Patients of a high volume, multi-surgeon, elective arthroplasty hospital scheduled to undergo 
unilateral primary TKR for a primary diagnosis of OA were eligible for inclusion. The only 
exclusion were patients who had received a contralateral TKA in the past 12 months.  Patients were 
enrolled one week prior to their scheduled TKR from November 2019 to January 2020 and 
demographic variables, including age, gender, body mass index and the American Society of 
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Anaesthesiologist (ASA) score, were recorded. The ARISE tool was independently administered in 
the week prior to surgery, as well as an EQ-5D-5L questionnaire (275). The EQ-5D-5L is a 
validated survey for measuring health-related quality of life and it also includes a visual analogue 
scale (VAS) for self-rated health. Post-operatively, the EQ-5D-5L was administered again on day of 
discharge from hospital. The length of stay, in number of days, in the acute hospital setting was 
recorded along with any complication resulting in return to theatre or hospital readmission.  
 
Discharge destination (home or inpatient rehabilitation) was the primary outcome of interest. A 
sample size of 100 patients was estimated based on previous published literature on developing pre-
operative tools to predict outcomes after TKR (276, 277). The sample size was confirmed with a 
calculation using published TKR private hospital procedure rates and the proportion of which 
discharge to inpatient rehabilitation, using a confidence level of 95% and confidence limits of 10%, 
a sample size of 92 was estimated.  
 
6.4.4 Perioperative protocols  
All patients received a cemented minimally stabilized total knee prosthesis with patella resurfacing. 
The anaesthetic protocol included spinal anaesthesia, an adductor canal nerve block, and a peri-
articular/capsular injection of local anaesthetic to the operative limb. Post-operatively, patients 
underwent an enhanced recovery pathway which included early mobilisation and a three-exercise 
pedalling-based protocol which was supervised by a physiotherapist twice daily until discharge 
(182). The criteria for home discharge was independent transfers and mobility with the walking aid 




6.4.5 Statistical analysis 
Data were analysed using the Statistical Package for Social Sciences (SPSS version 26). Descriptive 
statistics for continuous data are expressed as mean (SD) or median (range) depending on data 
distribution, and statistical significance considered as P values < 0.05. Categorical variables were 
summarised using counts and percentages. Differences in demographic variables between discharge 
groups were analysed by the chi-square test with respect to categorical data. Normally distributed 
continuous data were analysed using an independent samples t-test. The non-parametric Mann-
Whitney U test was used when data were not normally distributed. The relationship between each 
predictive variable and discharge destination was assessed using the chi-square test or the Fisher’s 
exact test. However, since some cells had a low response count, prior to the main analyses, the 
Likert responses were re-categorised to two levels. Univariable logistic regression analysis was 
initially performed to determine the likelihood of discharge destination for each variable. Predictor 
variables that were significant at the 0.1 were selected for potential inclusion in a multivariable 
analysis and underwent backward stepwise logistic regression to determine the model that best 
predicted inpatient rehabilitation discharge. A C-statistic was also generated to assess goodness-of-
fit and predictive accuracy of the final logistic regression model. 
 
 
6.5 Results  
 
6.5.1 Baseline characteristics and discharge destination  
In total, 100 participants from four arthroplasty surgeons were enrolled. All 100 participants 
completed the ARISE questionnaire and the patient characteristics are described in  
Table 14. Of the 100 participants, 82 discharged home and 18 discharged to inpatient rehabilitation. 
On average, patients in the rehabilitation group were 4.5 years older than those in the home group 
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(P=0.036), and of those who were aged greater than 75 years, a greater proportion discharged to 
inpatient rehabilitation (P = 0.030). No differences between groups were found in gender, body 
mass index, and comorbidity status.   
 
6.5.2 The ARISE tool 
The univariable results revealed 5 ARISE questions that were individually predictive of discharge 
destination, they are listed in Table 15. The predictive questions related to the patient’s belief about 
their post-discharge level of support, their pre-operative beliefs regarding the superiority of 
inpatient rehabilitation or their self-assessed ability to perform self-directed home-based exercises. 
If a patient agreed or strongly agreed that they would do best with inpatient rehabilitation, they were 
33 times more likely to discharge to inpatient rehabilitation (OR = 32.8 [8.0 to 129.9], P <0.001) 
and if they were worried most or all of the time about being a burden on their family or friends, then 
inpatient rehabilitation discharge was 8 times more likely (OR = 8.1 [2.6 to 24.9], P <0.001). A 
patient who did not have someone, all or most of the time, who could help them after surgery 
resulted in an 11 times greater likelihood of discharge to inpatient rehabilitation (OR = 10.7 [3.2 to 
35.8], P <0.001). No question around physical function or living situation was predictive of 
discharge destination.  
 
In finalising the multivariable stepwise regression, and to avoid multicollinearity, the 3 questions 
around a patient’s beliefs about the superiority of rehabilitation were combined to a create new 
variable. The results show that if a patient agreed to at least 2 of those three statements about 
rehabilitation, then the patient was 10 times more likely (OR = 9.9 [2.6 to 37.9]) to be discharged to 
rehabilitation. When this model was adjusted for age; a patient aged 75 years and over was more 
than three and a half times more likely for inpatient rehabilitation discharge (OR = 3.6 [0.9 to 
13.6]). Not having someone to help after surgery made inpatient rehabilitation discharge six times 
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more likely (OR = 6.3 [1.5 to 26.8]) (Table 16). The final multivariable regression model produced 
a C-statistic of 0.84, demonstrating a strong model with 84% correct predictivity. 
 
6.5.3 EQ-5D-5L and Length of stay 
Results of the EQ-5D-5L and length of stay are shown in Table 17. The self-rated global health 
score, as measured by the EQ-5D-5L VAS, was 10 points (on a 100-point scale) better for the home 
discharge group versus the inpatient rehabilitation discharge group, both pre-operatively (P = 
0.043) and on day of discharge (P = 0.009) from the acute hospital setting. However, the EQ-5D-5L 
total showed no significant difference for discharge destination (P = 0.211). Length of stay for the 
rehabilitation group was one day longer, at 4 days, when compared to the home discharge group at 
3 days (P <0.001). There were no reported complications resulting in return to theatre or hospital 

















Which of the following statements best describes your current living situation?  
 
Tick one situation 
only 
Someone else lives with me, and I take care of myself  
Someone else lives with me, and I need help taking care of myself  
I live alone, and I take care of myself  
I live alone, and I need help taking care of myself  
 
 
Can you tell us about your current situation? 
 
Tick one response for each question only 
All of the 
time 




Not at all 
I can walk without a walking stick or walker easily     
I can do my shopping easily     
I can bathe/dress myself easily     
I can drive myself to appointments on my own     
I am confident when I climb stairs     
I have someone who can help me after surgery if needed     
     
 
How do you feel about the following statements? 
 
Tick one response for each question only 
All of the 
time 




Not at all 
I am anxious about my upcoming surgery     
I am afraid of falling over     
I am worried about being a burden on my family or friends 
during my recovery 
    
 
 
How much do you agree/disagree with each of the 
following statements? 
 
Tick one response for each question only 
Strongly 
Agree 
Agree Neutral Disagree 
Strongly 
Disagree 
I would prefer a therapist to supervise my exercises      
I would do best staying in a rehabilitation facility instead of 
doing my rehabilitation at home 
     
I would have difficulties following a home-based exercise 
program after my surgery  
     
 
FIGURE 15: THE ARISE (ARTHROPLASTY REHABILITATION INITIAL SCREENING 
EVALUATION) TOOL. 
 





Phone:                   *Place Sticker Here* Height: Weight: 
Date of Birth: First Knee Joint Replacement?     Yes    or   No 
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TABLE 14: PATIENT CHARACTERISTICS AND DISCHARGE DESTINATION 
Characteristic Home (n = 82)  Rehab (n = 18) P-value 
Age (yrs.), Mean (SD) 68.5 (7.8) 73.0 (9.5) 0.036 
Age >75 (n = 29), n (%) 20 (24.4)  9 (50.0) 0.030 
Gender, n (%) 
            Male (n = 46) 
            Female (n = 54) 
 
 39 (47.6)  
 43 (52.4) 
 
 7 (38.9) 
 11 (61.1) 
 
0.500 
BMI (kg/m2), Mean (SD) 29.8 (4.9) 29.1 (6.6) 0.608 
ASA, Median (Range) 2.0 (1.0 – 3.0) 2.0 (2.0 – 3.0)  0.558 
    
P-value <0.05 statistically significant   
 
TABLE 15: ARISE QUESTIONS PREDICTIVE OF DISCHARGE TO REHABILITATION AFTER 
UNIVARIABLE LOGISTIC REGRESSION ANALYSIS 
Question 
Home 
(n = 82) 
n (%) 
Rehab  





I have someone who can help me after surgery if 
needed 
Response: “Some of the time or Not at all” 
 7 (8.5) 9 (50) 
10.7 
(3.2 to 35.8) 
<0.001 
I am worried about being a burden on my family 
or friends during my recovery 






(2.6 to 24.9) 
<0.001 
I would prefer a therapist to supervise my 
exercises 






(1.7 to 18.1) 
0.005 
I would do best staying in a rehabilitation facility 
instead of doing my rehabilitation at home 









I would have difficulties following a home-based 
exercise program after my surgery 
Response: “Agree or Strongly agree” 
 6 (7.3) 6 (33.3) 
6.3 
(1.8 to 22.9) 
0.005 




TABLE 16: ARISE QUESTIONS PREDICTIVE OF DISCHARGE TO REHABILITATION AFTER 





Age >75 3.6 (0.9 to 13.6) 0.030 
 
I have someone who can help me after surgery if needed 
Response: “Some of the time or Not at all” 
 
6.3 (1.5 to 26.8) <0.001 
 
I would prefer a therapist to supervise my exercises 
Response: “Most or All of the time” 
 
I would do best staying in a rehabilitation facility instead of doing 
my rehabilitation at home 
Response: “Agree or Strongly agree” 
 
I would have difficulties following a home-based exercise program 
after my surgery 
Response: “Agree or Strongly agree” 
 
*9.9 (2.6 to 
37.9) 
<0.001 
P-value <0.05 statistically significant 
*When a patient “agreed” to at least 2 of the 3 statements   
 
TABLE 17: EQ-5D-5L AND LENGTH OF STAY AND DISCHARGE DESTINATION 
Variable Home (n = 82) 
Median (Range) 





11 (6 – 20) 12 (8 – 19) 0.211 
EQ-5D-5L Score 
(Post-operative) 
10 (6 – 18) 10 (7 – 18) 0.095 
VAS Score (100-point scale)  
(Pre-operative) 
82.5 (30 – 100) 72.5 (30 – 100) 0.043 
VAS Score (100-point scale) 
(Post-operative) 
80 (30 – 100) 70 (45 – 95) 0.009 
Length of stay 
(Days) 
3.0 (1 – 7) 4.0 (2 – 9) <0.001 






The most significant finding of this study was that discharge destination was predicted by a 
patient’s pre-operative beliefs and their age, rather than self-reported physical function. The early 
identification of patients that are most likely to discharge to inpatient rehabilitation allows for 
methods to provide targeted post-operative care and optimize resources.  
 
The ARISE tool was designed to capture a patient’s socio-demographic and functional 
characteristics as well as include questions about their pre-surgical beliefs towards about inpatient 
rehabilitation. Our results showed that the ARISE questions that were highly predictive of inpatient 
rehabilitation were those that asked about a patient’s beliefs about rehabilitation. This finding is in 
keeping with the results of other predictive studies that demonstrated a patient’s “preferred 
discharge destination” was the most predictive variable of actual discharge destination (148, 271, 
272). However, the ARISE tool goes further, identifying potential reasons why a patient would 
prefer to discharge to inpatient rehabilitation.  
 
There is existing research that older age is predictive of discharge destination after TKR (250, 252-
254, 256, 257), which is consistent with our results suggesting that even when accounting for other 
predictive variables, age of 75 years or greater resulted in a greater likelihood of inpatient 
rehabilitation discharge. Prior reports of other demographic variables being predictive of discharge 
destination after TKR, including female gender, increased co-morbidity and obesity, was not 
replicated in this study (250-252, 254-256). However, the ARISE cohort demonstrated homogeneity 
across comorbidity and obesity scales, thus, a sample of size of 100 may not have been large 




The ARISE tool has some similar features to the well validated EQ-5D-5L instrument, in that it is a 
“domain-based” questionnaire and designed for self-completion, the ARISE tool also utilises a 5-
item response scale as does the EQ-5D-5L. However, where the EQ-5D-5L is a standardised 
instrument for measuring generic health status, the ARISE tool has been developed to also include a 
socio-demographic domain and to question a patient’s beliefs around inpatient rehabilitation before 
they have had their surgery. Although the EQ-5D-5L was not the primary outcome of interest in this 
trial, the lower score of the EQ-VAS in the inpatient rehabilitation discharge group demonstrates 
that this group believed they were in “worse health” both before and after their surgery than those 
who discharged home. Another outcome assessed in the ARISE trial was length of stay, with those 
discharging to inpatient rehabilitation staying one day longer than the control group. However, this 
result should be interpreted with caution as when awaiting discharge to inpatient rehabilitation often 
operational characteristics dictate LOS, such as the limited availability of inpatient rehabilitation 
beds, rather than patient level factors.      
 
A limitation of this study is its generalizability to other patients at other institutions. All surgeries 
were performed by experienced arthroplasty surgeons at a single high-volume private sector 
institution. It has been reported that socioeconomic factors are important determinants of health, 
with the higher a person’s income, education or occupational level, the healthier they tend to be, 
and this should be considered when interpreting the results of this study (278). An enhanced 
recovery pathway, that included early mobilization was also utilized. Also, the differences in 
reported rates of inpatient rehabilitation between the private and public sectors is noted (98, 131), 
with patient preference likely carrying greater weight in the private sector. Therefore, these results 
may not be transferrable when different regimes are used or in patients who do not undergo elective 




The results of the ARISE trial suggest that interventions to facilitate home discharge after 
uncomplicated primary TKR may be best aimed towards modifiable factors such as increasing 
access to home domiciliary services and addressing a patient’s pre-surgical beliefs about the 
perceived challenges of completing their rehabilitation at home. Perioperative advancements, such 
as multimodal pain management, blood management and early mobilization protocols all contribute 
to a rapid recovery pathway which has been reported to lower hospital length of stay (LOS) or 
same-day surgery without adversely impacting postoperative complications or readmissions (279). 
When these improvements in TKR management are combined with a simple home rehabilitation 






Pre-operative patient beliefs regarding rehabilitation and future home social support are highly 
predictive of discharge destination after primary TKR, while the only demographic variable that is 
predictive is increasing age, and in particular, age 75 years and over. Self-reported pre-operative 
physical function is not predictive of discharge destination. Patient’s psychosocial status requires 











CHAPTER 7: Conclusions, implications for clinical practice and 
directions for future research. 
 
The overall aims of this thesis were to explore the evidence available for TKR rehabilitation, which 
included both the efficacy of physiotherapy intervention protocols in the early period following 
TKR and the factors influencing the rehabilitation discharge setting. Clinical trials were designed 
and conducted on the areas identified to be lacking, with the intent to contribute new and clinically 
meaningful research to the field of TKR rehabilitation. The five publications included within this 
thesis were aligned with the following aims: 
1. To investigate the current literature for any reported effects of physiotherapy rehabilitation 
protocols that included exercise intervention, in the acute hospital setting following TKR 
surgery. 
2. To compare the effects of two differing physiotherapy exercise protocols in the first two 
weeks following TKR surgery. 
3. To conduct a narrative review of the literature to summarize current practice in TKR rapid 
recovery rehabilitation, including perioperative advancements, early mobilization, exercise 
therapy, length of stay and discharge destination. 
4. To examine the available literature for the reported pre-operative patient factors that are 
predictive of an increased likelihood for discharge to an inpatient rehabilitation facility 
following primary TKR. 
5. To develop and implement a pre-operative questionnaire that incorporates psychological, 
functional, and socio-demographic factors to determine which are most predictive of 
discharge destination following primary TKR. 
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This discussion includes the key findings, strengths and limitations, implications for clinical 
practice and directions for future research of this body of work. 
 
 
7.1 Discussion of main findings  
 
The clinical studies contained within this thesis focussed on two main areas relating to TKR 
rehabilitation, these being the effects of early physiotherapy intervention and the patient factors 
which are predictive of discharge destination. The findings suggested that for primary TKR patients 
in a private healthcare setting that a) early home discharge combined with a simple three-exercise 
physiotherapy protocol provides superior outcomes over a standard multi-exercise regime; and that 
b) discharge to an inpatient rehabilitation facility, is best predicted by a patient’s beliefs that 
inpatient rehabilitation will yield superior results over a home discharge.  
 
The first systematic review and meta-analysis, contained within Chapter two, aimed to synthesise 
the available literature to help guide best practice for physiotherapy protocols in the early period 
following TKR surgery. Four intervention studies of varying design were included which examined 
physiotherapist-led exercise protocols. This review demonstrated that there is insubstantial clinical 
research available on this topic and highlighted the need for further research of higher quality 
design. As rapid recovery pathways are increasingly adopted and what was once considered ‘early 
discharge’ becoming routine practice, there is a considerable gap in the evidence for the most 
effective physiotherapy exercise protocol to include in the immediate period following TKR. 
 
The results of this systematic review also demonstrated a need for well-designed experimental trials 
to evaluate the efficacy of physiotherapy protocols in the acute setting following TKR surgery. 
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Subsequently, the randomised controlled trial described in Chapter three, was conducted to compare 
two differing physiotherapy exercise protocols in the first two weeks following TKR surgery. The 
results of this trial showed that a simple self-directed pedalling protocol to be superior to a standard 
multi-exercise regime in both the primary outcome, the six-minute walk test and a number of other 
clinically important outcome measures assessing physical and self-rated function. The multi-
exercise protocol was not superior for any outcome measure for any given time-point assessed. 
Walking distance for the pedalling group was substantially greater in the acute inpatient setting, as 
measured at two days. PROMs including the OKS and EQ-5D VAS were also significantly in 
favour for the pedalling group when measured at day two and two weeks, with the OKS mean score 
difference considered clinically meaningful (201). Of note, an outcome that did not show a 
significant difference between groups was opiate consumption, which was in contradistinction to 
the other results in favour in the pedalling group. However, readiness for discharge and average 
LOS were both significantly shorter for the pedalling group, which is in line with the superior 
functional outcomes reported. 
 
The narrative review included in Chapter four of this thesis, summarized current evidence and 
trends in rapid recovery protocols and TKR rehabilitation. It was reported that inpatient 
rehabilitation after routine TKR offers no greater functional or quality of life benefits than those 
patients discharged to home, and as such, inpatient rehabilitation should be reserved for the 
minority of at-risk patients. This review highlighted that despite reports of inpatient rehabilitation 
being categorised as “low-value care” for primary uncomplicated TKR, discharge rates to inpatient 
rehabilitation in Australia remain high. Recent estimates indicate a rate of 40% of privately insured 
and 20% of public sector patients discharging to inpatient rehabilitation following TKR surgery 
(131). Inpatient rehabilitation is a major contributor to the overall cost of post-operative care for 
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TKR and the conclusions of this chapter recommended that it be utilised judiciously and in sub-
groups of patients who need it most.  
 
Another aspect of TKR inpatient care that this thesis focussed on was discharge destination and the 
patient level factors that may be contributing to the rates of inpatient rehabilitation discharge rather 
than home discharge following primary TKR. A systematic review in Chapter five, was undertaken 
of the current available literature to determine which intrinsic patient factors were predictive of 
discharge destination after primary TKR. With the intention that, if predictive factors are known, 
then early discharge planning and intervention strategies can be implemented to increase the 
likelihood of home discharge. Although a substantial body of literature was found to exist on this 
topic, the heterogeneity of statistical methods and reporting resulted in only two of the reported 
predictive factors being able to undergo meta-analysis, those being gender and smoking, with 
female gender being shown to be predictive of inpatient rehabilitation discharge. There was also a 
trend for those of older age, increased comorbidity or in a severely obese category to have an 
increased likelihood of discharge to inpatient rehabilitation. The studies included in the systematic 
review did not report on psychological variables such as patient expectation of discharge destination 
or belief about the perceived benefits of inpatient rehabilitation, and as such, the predictive nature 
of these variables could not be reported on.  
 
The final part of this thesis aimed to further identify which patient factors best predict inpatient 
rehabilitation discharge when psychological and sociological variables are included. The clinical 
trial contained within Chapter six, through the use of a subjective pre-operative questionnaire, the 
ARISE tool, suggested that discharge destination was predicted by a patient’s pre-operative beliefs 
and their age, rather than self-reported physical function. The ARISE tool was designed to capture a 
patient’s socio-demographic and functional characteristics as well as include questions about pre-
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surgical beliefs towards post-operative rehabilitation perceived benefits and challenges. The 
findings of the ARISE trial support the results of other studies that demonstrated a TKR patient’s 
preferred discharge destination for rehabilitation was the most predictive variable of actual 
discharge destination (148, 271, 272). However, the ARISE tool does not just record a patient’s 
preferred discharge destination, it goes a step further and explores the potential reasons behind that 
preference. The results of the ARISE trial suggest that questions relating to beliefs of the superiority 
of inpatient rehabilitation and post discharge level of support are highly predictive of discharge 
destination following primary TKR.  
 
 
7.2 Strengths and limitations 
 
To the author’s knowledge, all included systematic reviews and clinical trials in this thesis are the 
first published literature to address the respective research aims. The five research articles in this 
thesis all underwent peer-review and the two clinical trials were published in ‘Quartile 1’ journals 
for the subject area of ‘orthopaedics and sports medicine,’ with those journals being ranked fourth 
and fifth out of the 284 journals in that category (280).  
 
One overall strength of this body of work is that the included research studies are of prospective 
design and adhere to guidelines for the designing and reporting of systematic reviews and clinical 
trials. All protocols were prospectively registered and institutional review board approval was 
gained where appropriate. For the two systematic reviews PRISMA checklists were completed, and 
the included studies underwent quality appraisal using well-validated tools that have high internal 
consistency, criterion validity and inter-rater reliability. The clinical trial protocols were 
prospectively registered with the ANZCTR clinical trials registry prior to enrolment of any 
participant thereby minimising reporting and selection bias.  
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The physiotherapy exercise intervention trial was methodologically strong due to the use of 
randomisation, participant and assessor blinding, multiple validated outcomes, and high participant 
retention, thus strengthening the conclusions drawn. Further, the novel 3-exercise program that was 
designed for the intervention trial was aimed to be simple, cost-effective, and widely accessible for 
patients. The outcomes chosen for assessment were of high clinical relevance to physiotherapists 
and orthopaedic specialists, as tests of walking speed and distance, as well as patient reported 
outcome measures such as the Oxford Knee Score, are commonplace in the orthopaedic 
rehabilitation setting. Another strength was the broad inclusion criteria for participants in both 
clinical trials which resulted in study cohorts typical of primary TKR patients in the private sector, 
thereby, making the results highly generalisable to that population. 
 
Despite the strengths of this thesis, limitations should be acknowledged. The results of the 
systematic reviews were challenging to meta-analyse due to methodological and statistical 
heterogeneity, and as such, not all results were able to undergo meta-analysis. Additionally, the 
systematic review investigating patient factors predictive of discharge destination included mostly 
studies of retrospective cohort design which limited the analysis to the data that was collected at 
that point in time. With respect to the two clinical trials included in this thesis, the study setting was 
the Australian private healthcare sector, consequently the findings of these studies may not be 
generalizable to conditions outside of these. Due to the differences in funding models between the 
private and public sectors in Australia, patient preference for inpatient rehabilitation is likely to 
carry greater influence in a private hospital setting. A further potential limitation may be that 
although both clinical trials used a prospective sample size calculation based on the primary 
outcome of interest, in order for this research to be conducted in a timely manner, sample sizes were 




7.3 Clinical implications 
 
The research conducted in this thesis has the potential to immediately impact clinical practice in a 
billion-dollar industry. The pedalling-based trial produced an easy to implement, effective, low-
cost, and self-directed rehabilitation program. One indication of the significant clinical impact of 
the physiotherapy intervention trial was the wide-spread interest of its results from outside the 
academic arena. National television news outlets and print media reported on the results of this trial, 
and as such, the simple pedal-based exercise protocol reached a far greater audience than what 
would normally be achieved through academic publication and dissemination alone. An immediate 
effect of this trial was seen in the hospital institution in which it was conducted as the pedalling-
based regime became the standard pathway for all primary TKR recipients, with the differing 
orthopaedic specialists unanimously opting-in for their patients to receive this exercise protocol. A 
further example of the impact of this trial was the extension to orthopaedic specialists and 
prospective TKR patients outside of the study site contacting the author requesting details and 
discussion pertaining to the methods and results shown.     
 
This thesis has outlined the evidence to date that suggests home-based care to be non-inferior to 
extended inpatient rehabilitation after primary TKR. When it is considered that around 40% of 
privately insured Australians discharge to inpatient rehabilitation after primary TKR, questions 
should be asked as to the motives and facilitators for this occurrence. On the background of 
previous literature identifying patient preference as a key influence in determining discharge 
destination after TKR, the ARISE trial was designed to explore this further, aiming to identify 
potential reasons behind discharge destination preference. The results of the ARISE trial suggest 
that a patient’s pre-operative beliefs about the ‘best’ discharge setting are predictive of actual 
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discharge destination, which indicates the importance of addressing patient concerns about 
discharge destination prior to surgery. 
 
 
7.4 Future research directions 
 
The systematic review in this thesis that investigated patient factors predictive of discharge 
destination after TKR showed there was an absence of the inclusion of psychological and 
sociological variables assessed in the current literature. Considering the delivery of inpatient 
rehabilitation is costly, all drivers behind discharge to inpatient rehabilitation after primary TKR, 
including those considered psychosocial in nature, should be explored. The ARISE trial, included 
the design of a new questionnaire that incorporated a patient’s beliefs about rehabilitation, however, 
this questionnaire has yet to be validated outside of the current study. Future research to externally 
validate the ARISE questionnaire is warranted, given the significant preliminary findings of this 
trial. Additionally, the validation of an ARISE_SF (Short Form), where only the 3 questions related 
to discharge destination were included may be of clinical benefit.   
 
A tool which can effectively predict discharge destination, prior to surgery, allows the for the 
optimisation of resource allocation. The identification of those patients that have pre-operative 
concerns about returning directly to their home environment after TKR provides opportunity for 
discussion and reassurance regarding the assessment for readiness for home discharge from the 
acute hospital setting. Research is now needed to determine if interventions designed to facilitate 
home discharge, such as increasing access to home-domiciliary services and addressing a patient’s 
pre-surgical beliefs about the perceived barriers to completing their rehabilitation at home, are 
effective. Other patient driven incentives should be given consideration, such as decreasing 
financial barriers in the form of ‘out of pocket expenses’ for patients that elect home discharge, 
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whether that be at the health insurance or hospital institution level. Increasing the funding provided 
by health insurance companies for home-based services rehabilitation services such as 
physiotherapy and occupational therapy, would likely also provide greater incentive for home 
discharge. Along with increasing the patient driven incentives for home discharge, consideration 
should be given to the other external factors previously outlined such as surgeon preference and the 
profits made from hospital owned rehabilitation facilities. Future research determining the drivers 
for surgeon preference on a patient’s discharge destination after TKR would be of interest. 
 
Further evidence for self-directed home-based exercise regimes, such as the pedal-based protocol 
described in this thesis would be valuable. Although there is increasing positive evidence for 
outcomes associated with home-based rehabilitation after primary TKR, there is still a paucity of 
literature describing the optimal exercise inclusion and prescription for such a program. Patient 
satisfaction is reportedly high for TKR patients receiving inpatient rehabilitation, however similar 
studies evaluating patient satisfaction with multi-disciplinary home-based care are lacking. The 
pedalling trial was conducted only in the early period after TKR, which was the first two weeks 
after surgery. A trial that compared a self-directed pedalling exercise protocol in the six months 
following surgery to a traditional outpatient physiotherapy model, investigating any functional or 
financial differences as well as patient satisfaction, would be a natural progression of the original 
research conducted in this thesis.  
 
It was noted that the research in this thesis was conducted exclusively in the private sector, which is 
relevant given that the majority of elective joint replacement procedures are performed in that 
setting. However, conducting similarly designed research in a more varied cohort. which includes 




7.5 Thesis Contributions 
 
This thesis has made significant contributions to the research literature available on TKR 
rehabilitation and orthopaedic physiotherapy practice. Resource-efficiency is a key focus of 
healthcare stakeholders, and the clinical research included in this thesis showed that low-cost 
rehabilitation, delivered at home, with a self-directed physiotherapy protocol can be achieved 
without compromising patient outcomes. The included research also suggests that a patient’s self-
reported physical function is not as predictive as their pre-operative beliefs for determining 
discharge destination after TKR surgery. Knowledge of this can assist clinicians and healthcare 
systems to invest in targeted pre-operative interventions and consider increased funding for 
alternate models of home-based rehabilitation delivery. With the expected increase in rates of TKR 
surgery and subsequent rise in rehabilitation costs, this body of work has presented evidence-based 
strategies through which existing protocols can be refined to assist in meeting these demands.   
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Abstract
Background: Total knee replacement (TKR) patients participate in early supervised exercise therapy programs,
despite a lack of evidence for such programs or the optimal type, duration or frequency to provide the best clinical
outcomes. As hospital stay rates decrease worldwide, the first days after joint replacement surgery are of increasing
clinical importance. The purpose of this study was to investigate any reported effects of published early exercise
therapy following TKR surgery.
Methods: Databases PubMed, CINAHL, Embase, Cochrane, and Pedro were searched up to August 2018 for trials
which investigated an early supervised exercise therapy, commencing within 48 h of surgery. Risk of bias was
evaluated using a Modified Downs and Black Checklist and meta-analysis of results was conducted using Review
Manager (RevMan). Standardised Mean Differences (SMD) or Mean Differences (MD) and 95% confidence intervals
were calculated and combined in meta-analyses.
Results: Four studies (323 patients) that used four different interventions were identified, including Modified
Quadriceps Setting, Flexion Splinting, Passive Flexion Ranging and a Drop and Dangle Flexion regime. Patients
receiving the Drop and Dangle flexion protocol had superior flexion in the first 2 days after TKR and at discharge,
the Flexion Splint patients were discharged earlier and had greater flexion at 6-weeks postoperatively, and the
Modified Quadriceps Setting group showed greater hamstring and gluteal muscle strength. Results of the
methodological quality assessment showed included studies were of moderate quality. The meta-analysis included
3 of the 4 trials and found no significant differences between groups in maximum knee flexion (MD = 1.34; 95% CI,
− 5.55–8.24) or knee society scores (MD = − 1.17; 95% CI, − 4.32–1.98) assessed at 6 weeks post-operatively.
Conclusion: The paucity and heterogeneity of existing studies that examine early supervised exercise therapy
following TKR surgery makes it challenging for clinicians to deliver high-quality evidence-based exercise programs
in the early postoperative period. Although superior knee flexion range was found across differing regimes, the
meta-analysis showed no significant difference in this outcome between groups at 6 weeks. The results of this
review show high quality randomized clinical trials are urgently needed to evaluate the impact of early exercise
following TKR surgery.
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Background
Worldwide rates of primary total knee replacement (TKR)
as a treatment for end stage knee osteoarthritis are in-
creasing between 5 and 17% per year [1]. By 2025, knee
osteoarthritis (OA) prevalence is expected to increase by
40% and the most common surgical intervention for
end-stage knee OA is TKR [2]. The total hospital cost for
knee replacement for osteoarthritis nearly tripled during
2002–2013 in the United States, amounting to $12.0 bil-
lion, this trend is expected to continue in accordance with
the aging populations and rising obesity rates [3].
In contrast to this rapid rise in the number of TKR pro-
cedures, hospital length of stay (LOS) rates after TKR sur-
gery are declining. In the United States, from 2002 to
2013, the mean inpatient period post TKR decreased from
4.06 to 2.97 days and the percentage of hospital inpatient
periods of ≥5 days decreased from 24.7 to 6.1% in 2013
[3]. Reduction in LOS following TKR can reduce the eco-
nomic burden of knee osteoarthritis, and evidence now
demonstrates that factors such as the use of clinical
pathways, advances in blood management, multimodal
analgesia and early ambulation can all contribute to this
reduction [4–7].
Due to this decrease in length of stay, and em-
phasis on as early ambulation after surgery as pos-
sible, it is important to examine early post-operative
inpatient exercise interventions [8–12]. These inter-
ventions can be separated into passive interventions,
such as cold therapy, compression or continuous
passive motion, and, the target of this review, super-
vised exercise therapy conducted by a physiotherap-
ist in an acute in-patient setting.
One purpose of early postoperative physiotherapy
following TKR is to prepare patients for discharge
following their operation. As a result of shorter
length of stays, inpatient physiotherapy has become
increasingly concentrated on early and safe mobility,
with accelerated rehabilitation pathways becoming
the standard of care [13].
This inpatient therapist directed physiotherapy usually
involves active exercises to improve knee range of mo-
tion and muscle strengthening [14, 15]. However, despite
the majority of TKR patients receiving an in-hospital
physiotherapy program of some type, there are limited
studies to demonstrate either its effectiveness or the
optimum program design [16]. The recent meta-analysis
by Artz et al. examined the effectiveness of post-discharge
physiotherapy exercise in patients with primary total knee
replacement, in comparison to our study, which focused
on programs implemented in an acute inpatient setting
[14]. Large variations between institutions and individual
clinicians exist as to what type of active inpatient therapy
is prescribed, and its duration and its frequency, with only
gait retraining and exercise prescription being frequently
utilized [15]. This variation can result in suboptimal out-
comes at a greater cost.
The purpose of this study was to investigate any
reported effects of published early exercise therapy fol-
lowing total knee replacement surgery.
Methods
This systematic review and meta-analysis was pro-
spectively registered on PROSPERO (International
prospective register of systematic reviews), registra-
tion CRD42017081016. The review was reported in
accordance with the guidelines from the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [17].
Search strategy
Relevant published studies were extracted for analysis by
the primary investigator from PubMed, Cumulative
Index to Nursing and Allied Health (CINAHL), Embase,
Cochrane, and Pedro. Key terms were identified for the
search, including knee replacement, physiotherapy, and
rehabilitation, as well as synonym words. The search
strategy included applying wildcards (*), also known as
truncation symbols, which represent one or more char-
acters when able, using Boolean Operators ‘and’ or ‘or’
to combine the search key search terms, and searching
up to August 2018 to collect the best current evidence.
The complete search strategy is presented in Table 1.
Eligibility criteria
We included studies investigating supervised exercise
therapy following TKR in the acute inpatient hospital
period. Interventions including electrical stimulation,
acupuncture, cryotherapy or electrical modalities such
as continuous passive motion (CPM) were excluded
as these were considered as an adjunct to physiother-
apist led exercise-based interventions. Journal articles
were the primary source collected and search results
were filtered to include randomized controlled and
quasi-experimental trials. Manual searches of refer-
ence lists within journal articles meeting the inclusion
criteria were conducted to ensure all relevant studies
were included. Were included and reviewed.
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Inclusion criteria
 Articles available in full text
 Articles in English
 A key term was required in the study Title or Abstract
 Study design was a randomized controlled or quasi-
experimental trial
 A Therapist-led exercise intervention. CPM therapy
was not included in this study as the experimental
intervention, however, could be part of a patient’s
standard care.
 Study setting: exercise intervention commenced in
the acute hospital period within 48 h of TKR surgery
and prior to discharge from the inpatient setting
 Participants were post-operative primary unilateral
total knee replacement patients
Study selection
Based on the inclusion criteria, an initial screening of
titles and abstracts occurred to isolate possible relevant
papers. Next, a screening of extracted full text papers
was conducted for final review. The primary investigator,
screened all titles, abstracts, full papers and made the
decision about study eligibility. Those studies that were
included in this literature review were then screened for
eligibility to be included for meta-analysis based on
similarity of reported outcomes.
Records identified through 
database searching
(n = 2374)
PubMed n = 890
Embase n = 644
Cochrane n = 496
CINAHL n = 308

























Additional records identified through 
other sources
(n = 0)




Records excluded, with 
reasons
(n = 1219)
Abstract only = 5
Study Population not 
primary unilateral TKR = 
138
Protocol or Pilot study = 14
Language not English = 16
Not a Physical Therapy 
intervention = 661
Not an experimental study 
design = 27
None of the outcome 
measures assessed were 
functional = 12
Study setting post-acute or 
post discharge from 
hospital = 221
Pre-op population = 84
Literature reviews = 41
Full-text articles assessed for 
eligibility
(n = 77)





Accelerated pathway = 9
Electrical Muscle Stim. = 9
Gait training = 1
Group therapy = 1
Cryotherapy = 7








Fig. 1 Prisma Flow Diagram of systematic search, screening and selection process
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Data extraction
A data extraction form was based on the Cochrane Con-
sumers and Communication Review Group data extrac-
tion template [18]. One reviewer extracted the data, and
it included information on authors, year of publication,
location, number of participants and participant features,
study setting, interventions and controls used, primary
and secondary outcome measures, follow up intervals,
adherence and loss to follow up, result findings and
adverse events that occurred.
Methodological quality
The Modified Methodological Quality Checklist by Downs
and Black (1998) was used for both randomized controlled
trials and non-randomized controlled trials to assess the
risk of bias of the included studies [19]. The methodo-
logical quality assessment was completed by two inde-
pendent reviewers, any disagreements were resolved by
discussion and consensus or by consultation with a third
reviewer if necessary.
The modified Downs & Black checklist used was a
twenty-seven-point scale consisting of five subscales
(reporting, external validity, internal validity bias, internal
validity confounding, and power) to analyse both random-
ized and nonrandomized controlled trials (Additional file 1).
The Downs and Black scale has high internal consistency
(r = .89) and criterion validity (r = .90), good test-retest reli-
ability (r = .88) and inter-rater reliability (r = .75) [20]. The
studies were rated as poor if they scored 7 or less, limited
if they scored 7–13, moderate if they scored 14 to 20 and
strong if they scored 21 or greater [21–23]. The quality of
the studies was considered in the analysis of the results.
Statistical analysis
When an outcome was reported in at least two studies,
analysis of quantitative data for meta-analysis was com-
pleted using a computer software program developed by
The Cochrane Collaboration, Review Manager (RevMan,
version 5.3) [24]. Effect sizes for eligible outcomes Max-
imum Knee Flexion, Knee Society Score, and Knee Society
Function Score were calculated using mean differences
(MD), each with 95% confidence intervals (CIs). A random
effects model was used in our analysis to allow for differ-
ences in the treatment effects between trials.
Heterogeneity of included studies’ estimates were
assessed by computing the I2 values and was consid-
ered statistically significant at P < 0.10. I2 values were
used to describe the percentage of total variation
across studies, an I2 value of 25% was considered low,
50% moderate, and 75% high [25]. Variance between
outcome measures was estimated using the standard
deviation (SD) of the MD between two assessment
time-points. If the SD was not reported, we used the
SD calculated from the P-value for the differences
between mean values in the groups.
Results
Search, screening, and selection results
The results of the search strategy and screening process
are shown as a flowchart in Fig. 1. Initially, a total of
2374 records were identified from database searching, a
manual search of references of the studies that were
included did not elicit any further eligible studies. After
duplicates were removed, the remaining 1296 articles
were screened, after 1219 articles were considered
ineligible, 77 articles were assessed in full text. From
these articles, a final 4 articles were considered eligible
and included in this review. Of those 4 articles, 3 met
the inclusion criteria to undergo meta-analysis.
Description of included studies
The 4 included studies that were reviewed based on the
eligibility criteria varied in design, two studies were ran-
domized controlled trials [26, 27] and two studies were
of quasi-experimental design [28, 29].
General characteristics of participants
There were 323 participants who contributed to the studies
reported in this review, however, in one study which in-
cluded 50 participants [27] they used the contralateral limb
for alternate group allocation, so there were in total 373
knees of participants included in the final analysis. Total
number of participants in the control groups were 179 and
in the intervention groups were 194, the gender of the
Table 3 Study numbers
Author Eligible for
Inclusion






Cont Exp Cont Exp
Dujin, P., Jeonghee, K., & Hyunok, L. 44 0 22 22 0 0 22 22
Hewitt, B., & Shakespeare, D. 160 0 74 86 0 0 74 86
Kim, T., Park, K., Yoon, S., Kim, S., Chang, C., & Seong, S. 106 6 50 50 0 0 50 50
Pongkunakorn, A., & Sawatphap, D 86 0 41 45 10 7 33 36
Totals 396 6 187 203 10 7 179 194
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included subjects was predominantly female, 79 and 78% in
the control and interventional groups respectively. Mean
age was similar between all studies and the same when
averaged across the control and intervention groups at 69
years. Table 2 provides a summary of participant character-
istics across each study including age, gender, and inclusion
Table 4 Intervention comparison of studies reviewed
Author Control Experimental Delivery of Intervention
Timing Frequency Duration
Dujin, P., Jeonghee,




limb in knee extension &
ankle dorsiflexion, with a
10s isometric quadriceps
contraction
CPM daily for 1 h until
week 2 post-op.
Week’s 2–4 add resistance
training for knee flexor and
extensor muscles and cycling




hip & knee angle) operated
limb performed 10s isometric
quadriceps contraction with
2 kg sandbag on the other
ankle.
CPM daily for 1 h until week 2
post-op.
Week’s 2–4 add resistance
training for knee flexor and
extensor muscles and cycling





Cont 3 sets with
1 min breaks










physio commenced day 1
including knee flexion
exercises. Knee extension
splint only night of day 1,





placed on a 90-degree splint
remaining on overnight.
Physio day 1, 2hrly knee
flexed 90d and placed on
the 90d splint for 10 mins,
the knee was then allowed
to straighten out and hang
in passive extension for 10 min
with ankle supported on a
foam block. Multi-ex regime
also added to physio day 1.
From day 2 the flexion block
regime was ceased once the
knee could be actively flexed
to 90 degrees, the same












Kim, T., Park, K., Yoon,
S., Kim, S., Chang, C., &
Seong, S.
No-PROME Protocol
Day 0 = quad’s strength
ex
Day 1 = 50 mins CPM
0–30 degrees + gait
training, CPM ROM
gradually increased
over next two weeks
Day 2 = Same as 1 & 2
and add Drop/Dangle
+ active knee ROM ex’s
Day 3–14 = Physio once
daily in the rehab centre
PROME Protocol
40 min of physiotherapy:
First 20 = quad’s strength +
gait training
Second 20 = PROME ex
(pt placed in supine, 5 mins
thigh/calf massage, then
PROME routine consisted
of holding leg in ext. for first
5 s, then max tolerated flexion
for 5 s, one cycle of this took













day 1 and placed on
CPM 0–60 degrees.
ROM was increased by
15 degrees or more each
day unless not tolerated,
progressively increased
to115d. Both groups
received the same other
ROM ex’s and quad
strengthening program.
Drop and Dangle Protocol
Placed in 70-degree flexion
splint post-op then removed
day 1. D&D day 1 in a seated
position, maximal passive
overpressure with the other
foot then held for 10s. Then
actively assisted into extension
by other foot.
Both groups received the same








Cont Control, Exp Experimental
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and exclusion criteria and Table 3 summarizes each study’s
numbers including reported losses to follow up.
Exercise therapy interventions
All interventions examined in the studies were some
form of therapist directed exercise therapy that began
within 48 h following TKR surgery. The four interven-
tions included in this review were Modified Quadriceps
Setting [26], Flexion Splinting [28], Passive Flexion Ran-
ging [27] and a Drop and Dangle Flexion regime [29],
individually these interventions and their respective con-
trol groups are described in detail in Table 4.
Outcomes
The primary and secondary outcome measures were
varied amongst the included studies. Across the 4 stud-
ies, validity and reliability of the selected outcome mea-
sures were high. In terms of timing and frequency of the
included outcome measures, 3 of the 4 studies took a
pre-operative measure to determine baseline [26–28].
The maximum follow-up time for an outcome measure
varied significantly between studies with the longest re-
ported follow up of an outcome measure being 1 year
[29]. Details of each outcome measure included in the
studies reviewed are detailed in Table 5.
Patient reported outcome measures
A survey style patient reported outcome measure
(PROM) was included in 3 of the 4 studies [27–29],
however, differing PROM tools were used, and results
were only reported in 2 of these [27, 29].
Knee flexion and functional mobility
Maximum knee flexion ROM was also assessed in 3 of
the 4 included studies [27–29]. Only 1 of the studies
included a functional mobility outcome measure, in this
case the 6-min walk test [26].
Meta-analysis results
Maximum knee flexion was assessed in 3 of the 4 studies
[27–29], 270 knees were measured at 6 weeks post TKR,
the results of the meta-analysis are presented in Fig. 2.
There was no significant difference between the Exercise
Intervention (EI) vs the Standard Therapy (ST) groups
(MD = 1.34; 95% CI, − 5.55 – 8.24).
The Knee Society Score (KSS) and Knee Society Function
Score (KSFS) outcomes were reported to be assessed in 3
out of the 4 studies reviewed [27–29], however, only 2 of
the 3 studies included the results [27, 29], and as such only
2 data sets are represented in Figs. 3 and 4. The
meta-analysis of those 2 studies which included 199
participants are presented. There were no significant
Table 5 Outcome measures for studies reviewed
Author Outcome Measure(s) How Outcome
was measured
Validity/Reliability Frequency of Outcome Adverse
Events
Dujin, P., Jeonghee,


















1) Knee Society knee &
function scores [33]
2) FFD [34]










Outcomes 1–4 are valid
and reliable; outcomes
5 & 6 have not been
reported by the authors
Only Outcome’s 2, 3 & 4
have values reported by
the authors, there are no
values reported for
outcomes 1,5 & 6.
Outcomes 1–4 were
measured pre-operatively





Kim, T., Park, K., Yoon,
S., Kim, S., Chang, C.,
& Seong, S.
1) Knee Society knee &
function scores [33]
2) WOMAC scores
3) Flexion contracture [34]








Outcomes 1–4 are valid
& reliable; Outcome 5
has not been tested for
validity or reliability
Outcomes 1 & 2 were
measured pre-operatively
and 6months post-surgery;
Outcomes 3 & 4 were
measured pre-operatively
& at 7 days, 14 days, 6 weeks,
3 months and 6months;
Outcome 5 was assessed







4) Knee Society knee &
function scores [33]












admission (once daily for
7 days until d/c), and at
6 weeks and 1-year post-surgery.
Nil reported
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differences between the Exercise Intervention (EI) vs
the Standard Therapy (ST) groups in either of the Knee
Society Score or Knee Society Functions scores, KSS
(MD = − 1.17; 95% CI, − 4.32 – 1.98) and KSFS (MD =
− 1.13; 95% CI, − 3.66 – 1.40) respectively.
Methodological quality
Results of the methodological quality assessment, modi-
fied from the Downs and Black’s checklist, are presented
in Table 6. The methodological quality of the included
studies in this review was variable, ranging from 18 to 22
points out of a possible 27, meaning overall the studies
were of moderate quality.
Only Kim et al. demonstrated strong methodological
quality, scoring 22/27, however, external validity was high
for gender in that the subjects were all female and there-
fore not a true representation of the entire recruitment
population for TKR surgery. All studies apart from Hewitt
and Shakespeare reported clear objectives, outcomes and
included a power calculation. Of the four included trials,
all either made no attempt or it was unable to determine
if the subjects were blinded to the intervention group they
had been allocated to, or whether the randomized inter-
vention assignment was concealed from patients and
health care staff until recruitment was completed. There
were no adverse events reported across all studies and
losses to follow up were minimal and reported on.
Discussion
Main findings
The main goal of the present systematic literature review
and meta-analysis was to determine the effects of early
exercise therapy on patient reported and functional
outcomes in a post-operative primary total knee replace-
ment population. Although individual significant differ-
ences between therapy groups are noted, when combined
for meta-analysis no significant differences between physio-
therapy groups were found across Maximum Knee Flexion
or Knee Society Scores at 6 weeks. The systematic review
included four studies of varying design examining four
different supervised exercise therapy programs following
TKR surgery in the early post-operative setting. Participant
inclusion and exclusion criteria were similar across all stud-
ies and sample sizes were appropriately powered to deter-
mine significance of the chosen outcomes measured. True
randomisation of group allocation did not occur in two of
the trials, both having a prospective controlled trial design.
Methodological quality assessment of the studies reviewed
were of moderate quality, hence the systematic literature
review findings should be interpreted accordingly.
Although the Modified Quadriceps Setting exercise
patients showed a greater hamstring and gluteal muscle
strength the study did not assess knee ROM or include a
PROM tool and therefore could not be included in the
meta-analysis [26]. A Passive Range of Motion Exercise
(PROME) performed by a physiotherapist does not offer
additional clinical benefits to standard active exercise
therapy to patients after TKR [27], however, positioning a
patient in a flexion splint for the first 48 h post-operatively
showed greater knee flexion ROM at 6 weeks than an
extension splint combined with active flexion exercises
[28]. When compared to CPM plus standard physiother-
apy, an active-assist Drop and Dangle knee flexion exer-
cise results in increased knee flexion ROM in the first 2
post-operative days following TKR surgery, however, these
differences were no longer significant at 6 weeks [29].
Fig. 2 Forest plot diagram of Maximum Knee Flexion at 6 weeks, Exercise Intervention (EI) vs Standard Therapy (ST)
Fig. 3 Forest plot diagram of the Knee Society Score, Exercise Intervention (EI) vs Standard Therapy (ST)
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Strengths and limitations of the review
The present review has strength in its thorough search
strategies based on the PRISMA guidelines (Additional
file 2), its systematic nature and the use of high-quality
analysis tool that have high internal consistency and
criterion validity, good test-retest reliability and high
inter-rater reliability.
Limitations to the review were the lack of randomized
controlled trials available on the topic, and as such,
quasi-experimental trials were included in the search
criteria to broaden the results. The study selection and
data extraction were made by the primary investigator
which could lead to selection bias of the included stud-
ies. The meta-analysis was limited to including those
outcomes which were present across 2 or more studies
and, consequently, only outcomes that were assessed
from 6 weeks and beyond post-operatively could be in-
vestigated, thereby not including any treatment effects
in the early inpatient phase. The considerable clinical
heterogeneity of the exercise interventions investigated
in each of the included studies also makes it difficult to
guide best evidence-base practice for exercise therapy
early after TKR.
Clinical and research implications
The small number of heterogeneous studies identified
precludes the formulation of clinical guidelines as to the
optimum type, frequency or duration of early exercise
therapy after TKR. Given the cost of providing these in-
patient services, it is surprising that such a large deficit
exists in the literature. In contradistinction, a recent
Cochrane review of CPM, identified 24 randomised con-
trolled trials of CPM with standard postoperative care
compared to similar postoperative care [30]. There is a
need for further studies of high-quality design into su-
pervised exercise therapy programs to provide greater
functional outcomes and patient reported satisfaction
following TKR surgery, particularly in the early post-
operative period.
Fig. 4 Forest plot diagram of The Knee Society Function Score, Exercise Intervention (EI) vs Standard Therapy (ST)
Table 6 Methodological quality of studies reviewed (Modified Downs & Black)
Author Study Design Reporting External
Validity
1 2 3 4 5 6 7 8 9 10 11 12 13
Dujin, P., Jeonghee, K., & Hyunok, L. Randomised Controlled
Trial
1 1 1 1 1 1 1 0 1 0 0 0 1
Hewitt, B., & Shakespeare, D. Prospective non
-randomised controlled
trial (Quasi-Experimental)
0 0 0 1 1 1 1 1 1 1 1 1 1
Kim, T., Park, K., Yoon, S., Kim, S.,
Chang, C., & Seong, S.
Randomised Controlled
Crossover Trial
1 1 1 1 1 1 1 1 1 1 0 0 1
Pongkunakorn, A., & Sawatphap, D Prospective non-
randomised controlled
trial (Quasi-Experimental)
1 1 1 1 1 1 1 1 1 1 0 0 1
Author Internal Validity Bias Internal Validity
Confounding
Power Total Score
14 15 16 17 18 19 20 21 22 23 24 25 26 27
Dujin, P., Jeonghee, K., & Hyunok, L. 0 0 1 1 1 1 1 1 1 1 0 1 1 1 20
Hewitt, B., & Shakespeare, D. 0 0 1 1 1 1 0 1 1 0 0 1 1 0 18
Kim, T., Park, K., Yoon, S., Kim, S.,
Chang, C., & Seong, S.
0 1 1 1 1 1 1 1 1 0 0 1 1 1 22
Pongkunakorn, A., & Sawatphap, D 0 0 1 1 1 1 1 1 0 0 0 1 1 1 20
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Conclusion
Accelerated discharge pathways following TKR are be-
coming increasingly popular and consequently hospital
LOS rates are declining. This review demonstrates that
there are few studies available on early supervised exer-
cise therapy following TKR surgery in the immediate
post-operative setting, with a heterogeneous group of ex-
ercises examined. The lack of large randomised trials
with adequate methodology on physiotherapy for TKR
patients in the early post-operative period highlights the
need for further research of higher quality design.
Additional files
Additional file 1: Modified Downs and Black Checklist. For the
assessment of the methodological quality of both randomized and non-
randomized studies. (DOCX 21 kb)
Additional file 2: PRISMA Checklist. The 27 checklist items pertain to
the content of a systematic review and meta-analysis, which include the
title, abstract, methods, results, discussion and funding. (DOC 63 kb)
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APPENDIX 5: PARTICIPANT INFORMED CONSENT 
 
PROJECT TITLE:   
A bike pedaling based protocol after total knee replacement surgery compared to a standard multi-
exercise physiotherapy program: a randomized control trial. 
BUHREC PROTOCOL NUMBER: 0000015631 
Participant Informed Consent: 
I agree to take part in this Bond University Research Project. 
I have read the Explanatory Statement. I am willing to: 
• Be randomly allocated to one of two different Physiotherapy Treatment Groups. 
• Participate in twice daily physiotherapy sessions for approximately 20 minutes per session 
while I am a patient at Pindara Hospital. 
• Continue with a home exercise program prescribed to me on discharge from hospital. 
• Complete the physical tests and written surveys described on the Explanatory Statement in 
conjunction with my routine Orthopaedic Surgeon Reviews at 12 days and 4 months after 
my total knee replacement 
 
I understand that my identity and all data will be kept confidential. 
I understand that my participation is voluntary and that I can choose not to participate at any time 
and can withdraw freely at any stage of the research without any negative consequences to me. If I 
do choose to withdraw from this study I will still be entitled to the standard practice of post-
operative physiotherapy care provided by Pindara Private Hospital. 
 
Participant Name:………………………………………………………………………… 
Signature: …………………………………………………………………………………         
Date:………………………………………………………………………………………. 
Witness Name:……………………………………………………………………………. 
Signature: ……………………………………………….…………………………………     
Date: ……………………………………………………………………………………… 
Should you have any complaints concerning the manner in which this research is being conducted 
please make contact with: 
Bond University Human Research Ethics Committee, 
c/o Bond University Office of Research Services. 
Bond University, Gold Coast, 4229 
Tel: +61 7 5595 4194  





APPENDIX 6: PARTICIPANT EXPLANATORY FORM  
PROJECT TITLE:  A bike pedaling based protocol after total knee replacement surgery compared 
to a standard multi-exercise physiotherapy program: a randomized control trial. 
BUHREC PROTOCOL NUMBER: 0000015631 
My name is Larissa Sattler and I am the Senior Orthopaedic Physiotherapist at Pindara Private 
Hospital currently completing a Research Masters at Bond University under the supervision of both 
Professor Wayne Hing (Head of the Physiotherapy Program at Bond University) and your 
Orthopaedic Surgeon, Dr. Christopher Vertullo. 
I am conducting a research investigation into physiotherapy treatment after Total Knee 
Replacement surgery. I am specifically interested in comparing different types of physiotherapy 
exercises to evaluate whether they provide equal benefit to patients in regard to both physical 
measures and patient reported satisfaction. 
Although we would appreciate your willingness to participate in this study your consent is 
completely voluntary, and you may withdraw at any time without risking any negative 
consequences. If you do choose to withdraw you will still be entitled to the standard practice of 
post-operative physiotherapy care at Pindara Private Hospital. 
If you choose to participate, the frequency and duration of your physiotherapy sessions following 
your Total Knee Replacement will be no different to what is normally prescribed at the Hospital, 
which is twice daily for approximately 20 minutes’ duration.  
You will be randomly allocated to one of two physiotherapy treatment groups, which although 
different in exercise prescription, will both still consist of standard physiotherapy care. Your 
treating physiotherapist will help you to start walking normally again, they will prescribe and 
supervise knee bending exercises for your operated leg which may include: lying in bed and 
bending your knee up towards you, sitting on the side of your bed and letting your foot gently 
dangle down with your knee bent, sliding your heel back underneath you once seated in a chair, and 
using a set of stationary bike pedals to assist knee bend. Your physiotherapist may also prescribe 
you with other exercises to help strengthen the muscles around the knee these may be performed in 
the bed, in a chair or in a standing position, and may include thigh muscle setting then lifting your 
foot up against gravity to make your thigh muscle work harder, straightening your knee out with the 
help of a stretchy band, heel raises and mini squats. Your physiotherapist will supervise all your 
walking and other exercises until they think it is safe for you to perform these by yourself. The risks 
and benefits of participating in this study are no different than what are normally experienced by a 
patient receiving post-operative physiotherapy care. Risks such as increased pain and swelling in 
the knee following a physiotherapy session are offset by the experience of the supervising 
physiotherapist ensuring you work within what is comfortable to you during the treatment session.  
Although you will not be prescribed all of the above exercises depending on the physiotherapy 
group you are allocated to, both exercise groups consist of standard exercises commonly already 
being prescribed to patients post total knee replacement. It is expected that you will continue with a 
prescribed independent home exercise program based on your hospital exercises twice daily on 
discharge from hospital.  
As an inpatient, you will be also be asked to complete two surveys about how you feel about your 
knee pain and function and complete some physical tests as described below prior to your discharge 
from hospital. You will also be asked to return to the Pindara Private Hospital Physiotherapy Gym 
following your post-operative review with your Orthopaedic Surgeon at 12 days and 4 months post-
operatively to record the same surveys and physical measures. 
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The two surveys you will be asked to complete are the Lower Limb Outcomes Assessment 
consisting of seven items addressing pain, stiffness and swelling, and function; and the EQ-5D™ 
which is used to measure health outcomes with questions across 5 areas: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression. Each of these two questionnaires should only 
take a few minutes to complete.  There are four physical measures being recorded: A Timed Up and 
Go (TUG) test which involves raising from a chair walking 3 meters and returning, a timed 10 
meter walk test which times how long it takes you to walk 10 meters, a 6-minute walk test which 
measures the distance you can walk in 6 minutes and your knee bend will also be measured. The 
first two walking tests will take you less than a minute each to complete whereas the longer walk 
test runs for 6 minutes as indicated.   
All the data collected in this study will be treated with complete confidentiality and not made 
accessible to any person outside of the researchers working on this project. The information I obtain 
from you will be dealt with in a manner that ensures you remain anonymous. Data will be stored in 
a secured location at Bond University for a period of 5 years in accordance with the guidelines set 
out by the Bond University Human Research Ethics Committee. 
It is anticipated that the results of this study will assist us in better understanding the effects of 
physiotherapy treatment and exercise prescription in patients after Total Knee Replacement surgery 
of which there is little current evidence for differing methods. 
If you choose to withdrawal from the study, please contact: 
Research Masters Student:  
Larissa Sattler 




Dr Christopher Vertullo 




Research Masters Supervisor:  
Professor Wayne Hing 
Professor of Physiotherapy, Head of Department 
Bond Institute of Health and Sport 
Faculty of Health Sciences and Medicine 
Phone: +61 7 5595 3055 
Fax: +61 7 5595 3524 
Email: whing@bond.edu.au 
 
Should you have any complaints concerning the manner in which this research is being conducted 
please make contact with: 
Bond University Human Research Ethics Committee, 
c/o Bond University Office of Research Services. 
Bond University, Gold Coast, 4229 
Tel: +61 7 5595 4194  
Fax: +61 7 5595 1120 
Email: buhrec@bond.edu.au 
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APPENDIX 8: GATEKEEPER LETTER OF APPROVAL, PINDARA PRIVATE HOSPITAL 
 
Larissa Sattler  
Senior Orthopaedic Physiotherapist  
Pindara Private Hospital  
Allchurch Ave  
Benowa QLD 4217  
E: sattlerl@ramsayhealth.com.au  
P: 07 5588 9125 
 
Dear Jan Lloyd,  
I am writing to ask your permission to conduct research at Pindara Private Hospital for a study 
entitled, "A bike pedalling based protocol after total knee replacement surgery compared to a 
standard multi-exercise physiotherapy program: a randomised control trial" which is under ethical 
review by the Bond University Human Research Ethics Committee reference number 0000015631.  
This research is being conducted in conjunction with Dr. Christopher Vertullo and myself the 
Senior  
Orthopaedic Physiotherapist at Pindara Private Hospital as a part of a Bond University Masters of  
Science by Research degree. The proposed study is under review by the Bond University Human 
Research Ethics Committee and, as part of that approval process, I am required to obtain gatekeeper 
permission from sites where I recruit or test participants. Participants will be recruited by the 
admitting Orthopaedic Specialist and will receive the same standard of physiotherapy care as any 
patient post-operative from total knee replacement surgery at Pindara Private Hospital.  
The aim of this study is to investigate the relationship between two differing physiotherapy 
treatment regimens post total knee replacement surgery, further detail can be found in the attached 
Participant Explanatory Form. The overall goal of this study is to validate and better understand 
physiotherapy treatment protocols post total knee replacement surgery, which will potentially lead 
to better patient outcomes and efficiency of physiotherapy service. The study will include several 
validated functional and subjective outcome measures which will be incorporated into the patients' 
follow up visitations with their surgeon. All patient related research data and documentation will be 
de-identified and kept secure in accordance with the Bond University Human Research Committee 
guidelines.  
If you are willing to be involved would you please sign the form below that acknowledges that you 
have read the Participant Information Sheet, you understand the nature of the study being conducted 
and the risks and likely benefits of participation in this study, and you give permission for the 
research to be conducted at the site.  
Yours sincerely,  
Larissa Sattler  
 
 
l, Jan Lloyd, as Director of Clinical and Hospitality Services at Pindara Private Hospital having 
been fully informed of the nature of the research to be conducted in "A bike pedalling based 
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protocol after total knee replacement surgery compared to a standard multi-exercise physiotherapy 
program: a randomised control trial" give my permission for the study to be conducted. I reserve the 






















APPENDIX 11: POST-DISCHARGE HOME PROGRAM EXERCISE DIARY 
 
Instructions for Home Exercise Program Diary: 
You are requested to perform the exercises on the handout given to you twice a day after you 
discharge from hospital, please indicate with a tick in the calendar box each time you were able to 
complete your exercises for that day, for example there should be two ticks in the box if you 
completed two exercise sessions that day. 
 
 
Please bring your calendar diary with you to your next review with the hospital physiotherapist on  
 
……………………………………………………………………………………………… 
If you need to change the above appointment time, please contact Orthopaedic Senior 
Physiotherapist Larissa Sattler on 0406 537 395. 
 
Start Date:       
       






APPENDIX 12: THE 6-MINUTE WALK TEST  
 
The six-minute walking test is a practical, simple, self-paced walking test that assesses the 
submaximal level of functional exercise capacity and it is a commonly used objective measure in 
individuals with moderately severe impairment (281). The distance an individual is able to walk 
along a flat 30 m walkway over a 6-minute period (6MWD), with breaks as required, is recorded. 
An indoor, flat, straight walkway, marked at regular intervals, at least 30 m long and free of 
obstacles is required. Shorter tracks are believed to reduce 6MWD due to greater number of turns 
and continuous tracks have been shown to increase 6MWD (282). 
 
Before the test describe the walking track to the patient and then give the patient the following 
instructions:  
"You are now going to do a 6-minute walk test. The object of this test is to walk as far as you can 
for six minutes up and down the corridor so that you cover as much ground as possible. You may 
slow down if necessary. If you stop, I want you to continue to walk again as soon as possible. You 
will be regularly informed of the time and you will be encouraged to do your best. Your goal is to 
walk as far as possible in six minutes, but don’t run or jog. Please do not talk during the test unless 
you have a problem or I ask you a question. You must let me know if you have any chest pain or 
dizziness. When the six minutes is up I will ask you to stop where you are. Do you have any 
questions?"  
 
Begin the test by instructing the patient to: “Start walking now.” During the Test Monitor the 
patient for untoward signs and symptoms.  
Use the following standard encouragements during the test:  
At minute one: “You are doing well. You have five minutes to go.”  
At minute two: “Keep up the good work. You have four minutes to go.”  
At minute three: “You are doing well. You are halfway.”  
At minute four: “Keep up the good work. You have only two minutes left.”  
At minute five: “You are doing well. You have only one minute to go.”  



























APPENDIX 16: THE EQ-5D-5L HEALTH STATUS QUESTIONNAIRE 
The EQ-5D-5L is a generic instrument for describing and valuing health. It is based on a 
descriptive system that defines health in terms of 5 dimensions: Mobility, Self-Care, Usual 
Activities, Pain/Discomfort, and Anxiety/Depression. Respondents also rate their overall health 
on the day of the interview on a 0–100 hash-marked, vertical visual analogue scale (EQ-VAS).  
Under each heading, please tick the ONE box that best describes your health TODAY. 
MOBILITY  
I have no problems with walking around ❑ 
I have slight problems with walking around ❑ 
I have moderate problems with walking around ❑ 
I have severe problems with walking around ❑ 
I am unable to walk around ❑ 
PERSONAL CARE  
I have no problems with washing or dressing myself ❑ 
I have slight problems with washing or dressing myself ❑ 
I have moderate problems with washing or dressing myself ❑ 
I have severe problems with washing or dressing myself ❑ 
I am unable to wash or dress myself ❑ 
USUAL ACTIVITIES (e.g. work, study, housework, family or 
leisure activities)  
I have no problems doing my usual activities ❑ 
I have slight problems doing my usual activities ❑ 
I have moderate problems doing my usual activities ❑ 
I have severe problems doing my usual activities ❑ 
I am unable to do my usual activities ❑ 
PAIN / DISCOMFORT  
I have no pain or discomfort ❑ 
I have slight pain or discomfort ❑ 
I have moderate pain or discomfort ❑ 
I have severe pain or discomfort ❑ 
I have extreme pain or discomfort ❑ 
ANXIETY / DEPRESSION  
I am not anxious or depressed ❑ 
I am slightly anxious or depressed ❑ 
I am moderately anxious or depressed ❑ 
I am severely anxious or depressed ❑ 









• We would like to know how good or bad your health is TODAY. 
• This scale is numbered from 0 to 100. 
• 100 means the best health you can imagine. 
0 means the worst health you can imagine. 
• Mark an X on the scale to indicate how your health is TODAY. 
























The best health 
you can imagine 




























How satisfied are you with your physiotherapy program since your knee surgery? 
 









You would normally consider yourself as having a high pain threshold? 
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Intrinsic patient factors predictive of
inpatient rehabilitation facility discharge
following primary total knee arthroplasty: a
systematic review and meta-analysis
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Abstract
Background: Total Knee Arthroplasty (TKA) reduces pain and improves function in those suffering from severe
osteoarthritis. A significant cost of TKA is post-acute care, however, current evidence suggests that discharge to an
Inpatient Rehabilitation Facility (IRF) has inferior outcomes to home discharge, with no greater benefit in physical function.
Only individual studies have investigated TKA patient characteristics predictive of discharge destination, therefore, the aim
is to systematically review the literature and meta-analyse intrinsic patient factors predictive of IRF discharge. If predictive
factors are known, then early discharge planning and intervention strategies could be implemented.
Methods: Databases PubMed, CINAHL, Embase, Cochrane, and Pedro were searched up to October 2019 for all studies
investigating pre-operative intrinsic patient factors predictive of IRF discharge. For assessing the methodological quality of
included studies, the Quality In Prognosis Studies (QUIPS) tool was used. Statistical analysis and graphical reporting were
conducted in R statistical software. To assess the effect of predictors of discharge destination, odds ratios with the
corresponding 95%CI were extracted from the results of univariate and multivariable analyses.
Results: A total of 9 articles published between 2011 to 2018 with 218,151 TKA patients were included. Of the 13 intrinsic
patient factors reported, 6 met the criteria for synthesised review: age, obesity, comorbidity, gender, SF-12/VR-12 survey,
and smoking. Due to the heterogeneity of statistical analysis and reporting 2 variables could undergo meta-analysis,
gender and smoking. Female gender increased the likelihood of IRF discharge by 78% (OR = 1.78; 95%CI = 1.43–2.20; I2 =
33.3%), however, the relationship between smoking status and discharge destination was less certain (OR = 0.80; 95%CI =
0.42–1.50; I2 = 68.5%).
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Conclusion: In this systematic literature review and meta-analysis female gender was shown to be predictive of IRF
discharge after total knee arthroplasty. There was also a trend for those of older age and increased comorbidity, as
measured by the Charlson Comorbidity Index, or the severely obese to have an increased likelihood of IRF discharge. The
marked heterogeneity of statistical methods and reporting in existing literature made pooled analysis challenging for
intrinsic patient factors predictive of IRF discharge after TKA. Further, high quality studies of prospective design on
predictive factors are warranted, to enable early discharge planning and optimise resource allocation on post-acute care
following TKA.
Trial registration: This review was registered with PROSPERO (CRD42019134422).
Keywords: Total knee arthroplasty (TKA), Rehabilitation, Discharge, Predictors, Systematic review, Meta-analysis
Background
From 2014 to 2030 in the United States, primary total
knee arthroplasty (TKA) is projected to increase by 85%
to 1.26 million surgical procedures [1]. TKA is widely
regarded as a cost-effective intervention for end-stage
knee osteoarthritis, improving both a patient’s functional
status and overall health quality [2]. However, with the
societal burden of cost for TKA increasing, there is a
need to evaluate the economic efficiency of current
models of care [3, 4].
Total Joint Arthroplasty (TJA) is reportedly the
most frequent procedure leading to post-acute admis-
sion to an Inpatient Rehabilitation Facility (IRF),
representing one of the most significant costs associ-
ated with TKA [4, 5]. Acute post-discharge care fol-
lowing primary TKA can account for up to 37% of
the total procedure cost, with home discharge re-
ported as costing $16,000 less than discharge to an
IRF in the United States [6, 7]. While IRF patients re-
ceive multidisciplinary input such as physical therapy
and occupational therapy, this has yet to translate
into evidence for improved functional outcomes when
compared with TKA patients discharged directly to
home [8, 9]. Moreover, retrospective studies relying
on administrative datasets have shown TKA patients
with an IRF discharge have a significantly higher ad-
verse event and 30-day readmission rate compared to
those discharged home [10, 11].
The decision to discharge a patient to an IRF is
dependent on many variables and identifying pre-
operative factors that increase the likelihood of IRF dis-
charge will better facilitate pre-operative discharge plan-
ning and resource allocation. Given an estimated 1.82
billion is spent on IRF discharge after lower-extremity
arthroplasty it is imperative to determine which factors
create a higher risk for non-home discharge [12]. To date,
only individual studies have investigated TKA patient
characteristics predictive of discharge destination, there-
fore, the aim of this review was to systematically review
the literature and conduct a meta-analysis on reported in-
trinsic patient factors predictive of IRF discharge.
Methods
This systematic review and meta-analysis was prospect-
ively registered on PROSPERO (International prospect-
ive register of systematic reviews), registration
CRD42019134422 and is reported in accordance with
the guidelines from the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) state-
ment [13].
Search strategy
Relevant online databases PubMed, Cumulative Index to
Nursing and Allied Health (CINAHL), Embase,
Cochrane, and Pedro were systematically searched from
database inception to October 3rd, 2019. Key terms were
identified for the search, including knee arthroplasty,
predictor, and discharge, as well as synonym words, uti-
lising Medical Subject Heading and Boolean operator
terms. The complete search strategy is reported in
Table 1.
Study eligibility
We included all articles of any study design investigating
pre-operative patient factors for their level of predictivity
of IRF discharge following primary TKA. Key inclusion
criteria were that the article be available in full text Eng-
lish, a search term was required in the title or abstract,
the population studied was primary unilateral knee re-
placement patients, a pre-operative intrinsic patient fac-
tor was a variable in the study and an outcome included
discharge destination. Intrinsic factors were defined as
those inherent to the individual, including demographic
characteristics age, gender, ethnicity, socioeconomic sta-
tus as well as clinical factors such as presence of co-
morbidity. Behavioural factors such as smoking and al-
cohol consumption, and patient reported outcome mea-
sures that capture the patient’s perspective were also
considered intrinsic factors and included. Non-intrinsic
factors were excluded, where the patient was subject to
an intervention such as participation in a pre-operative
exercise class or education session. Additional exclusion
criteria were post-operative variables including length of
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stay (LOS), readmission status and other post-operative
complications. Studies that did not separate the reporting
of primary TKA were also excluded, as were studies that
took place after discharge from the post-acute hospital
setting, such as outpatient or inpatient rehabilitation.
Study selection
Based on the inclusion criteria, an initial screening of ti-
tles and abstracts was conducted, next, a screening of
extracted full text papers was conducted for final review.
Those studies that met the inclusion/exclusion criteria
for this literature review were then screened for eligibil-
ity to be included for meta-analysis.
Data extraction
A modified form based on the Critical Appraisal and
Data Extraction for Systematic Reviews of Prediction
Modelling Studies (CHARMS) Checklist was used for
data extraction [14]. Data regarding author, year of pub-
lication, country, study design, exclusion criteria, patient
factors investigated, sample size, participant age and
gender as well as a description of statistical analysis
undertaken were included.
Quality assessment
For assessing the quality of individual studies, the Quality
In Prognosis Studies (QUIPS) tool was applied [15]. The
QUIPS tool is a validated tool for assessing risk of bias in
prognostic factor studies and provides a qualitative assess-
ment of six domains: (I) Study Participants, (II) Study At-
trition, (III) Prognostic Factor Measurement, (IV)
Outcome Measurement, (V) Study Confounding and (VI)
Statistical Analysis and Reporting [16]. For each of these 6
domains, the responses `yes’, `partial’, `no’ or `unsure’ for
three up to seven items within each domain are combined
to assess the risk of bias. Two reviewers, following the
guidelines of Hayden et al. 2013 [16] independently
assessed each study, ranking the risk of bias as high,
moderate or low. If the authors disagreed on the risk of
bias rating, a consensus agreement was reached by joint
discussion.
Statistical analysis
Statistical analysis and graphical reporting were conducted
in R statistical software, version 3.5.3 [R-Core], using
packages metafor and forestplot [17]. To assess the effect
of predictors of discharge destination, odds ratios with the
corresponding 95%CI were extracted from the results of
univariate and multivariable analyses. When these effect
sizes were not reported in univariate results, they were
computed from the count data, if available.
Meta-analysis of a patient factor was considered where
there was a minimum of three studies reporting an associ-
ation between the predictor and discharge destination.
Meta-analysis was only applied to a factor if the reference
categories were similar. Forest plots without pooled effect
were produced for those studies considered ineligible for
meta-analysis to gain insight into the degree of predict-
ability of the patient factor. Heterogeneity of included
studies’ estimates were assessed by computing the I2 stat-
istic and was considered statistically significant at P < 0.10.
I2 values were used to describe the percentage of total
variation across studies; an I2 value of 25% was considered
low, 50% moderate, and 75% high [18]. Pooling of the
odds ratios across studies was carried out with a random-
effects model using the inverse-variance method.
Results
Literature search and study characteristics
The results of the search strategy and screening process
are shown as a flowchart in Fig. 1. After duplicates were
removed, 1557 articles were screened for eligibility with
reasons for exclusion listed. A total of 9 articles pub-
lished between 2011 to 2018, with 218,151 TKA patients,
were included in this review [19–27]. Of those, 4 articles
[22–24, 27] met the criteria to undergo meta-analysis.
The individual studies and their characteristics can be
found in Table 2. Patient demographics were similar
across studies for mean age ranging from 61 to 70 years,
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however, female gender had greater variation, ranging
from 56 to 83% of the study populations. Country of ori-
gin was the United States for 8 of the 9 papers, with 1
being from Australia. All studies were of observational
cohort design, 7 were performed retrospectively.
Methodical quality
QUIPS ranking did not vary by more than one category
between raters for any criteria for each publication and
consensus was achieved by discussion. Table 3 presents
the risk of bias scores for all included studies. The risk of
bias was ranked low across all studies for “study participa-
tion,” “prognostic factor measurement,” and “outcome
measurement.” However, “study confounding,” was ranked
moderate or high for risk of bias across 6 of the 9 studies.
As 8 of the 9 studies did not report on perioperative fac-
tors such as surgical and anaesthetic technique or physical
therapy protocols this could have a confounding effect on
the other patient factors assessed.
Intrinsic patient factors analysed
Patient factors in the included studies that were analysed
for their association with discharge destination were age,
American society of anaesthesiology (ASA) score, body
mass index (BMI), Charlson comorbidity index (CCI),
diabetes, gender, ethnicity, haemoglobin (Hb), knee
range of motion (ROM), socioeconomic status (SES), 12
item short form health survey or 12 item Veteran’s
RAND health survey (SF-12/VR-12), smoking and ven-
ous thromboembolism (VTE) history. Table 4 details the
predictability of each patient factor on discharge destin-
ation for the included studies. Of the 13 patient factors
reported on, 6 factors met the criteria for comparison
and a synthesised review, these were age, BMI, CCI, gen-
der, SF-12/VR-12 survey, and smoking status.
Demographic factors
The patient factor gender was able to undergo meta-
analysis in 4 studies [22–24, 27] to provide results of a
combined effect on predictability of discharge
Fig. 1 Prisma Flow Diagram of systematic search, screening and selection process
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destination. Being of female gender increased the likeli-
hood of IRF discharge by 78% when compared to male
gender (OR = 1.78; 95% CI = 1.43–2.20) (Fig. 2). The
association between age and discharge destination was
reported in 6 studies [20, 22–24, 26, 27]. Older age was
predictive of IRF discharge in all included studies, with
Table 2 Study Characteristics
Author, Year.
Country
Study Title Study design;



















Assessing In-Hospital Outcomes and
Resource Utilization After Primary
Total Joint Arthroplasty Among
Underweight Patients.
Retrospective matched cohort.;
Weight loss and obesity, due to the
nature of the study, were excluded










Preoperative Predictors of Length of
Hospital Stay and Discharge
Disposition Following Primary Total
Knee Arthroplasty at a Military
Medical Center.
Retrospective cohort;














The John Insall Award: Morbid
Obesity Independently Impacts
Complications, Mortality, and
Resource Use After TKA.
Retrospective matched cohort;
Obesity, due to the nature of the
study, was excluded from the
matching criteria. Morbidly obese
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and staged within one year, and
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arthroplasty or ligament repair on

















Predictors of Facility Discharge,
Range of Motion, and Patient-
Reported Physical Function Improve-
ment After Primary Total Knee
Arthroplasty: A Prospective Cohort
Analysis
Prospective cohort;
















Comparing In-Hospital Total Joint
Arthroplasty Outcomes and Re-
source Consumption Among Under-
weight and Morbidly Obese Patients
Retrospective matched cohort;
Weight loss and obesity, due to the
nature of the study, were excluded























The Effect of Comorbidities on
Discharge Disposition and
Readmission for Total Joint
Arthroplasty Patients
Retrospective cohort
Bilateral procedures were excluded
















Abbreviations: ASA American society of anesthesiologists, BMI body mass index (kg/m2), CCI Charlson comorbidity index, Hb Hemoglobin, ROM range of motion,
SES socioeconomic status, SF-12 12 item Short Form Health Survey (physical component score), VR-12 Veterans RAND 12 Item Health Survey, VTE
Venous thromboembolism
aPredictors and Statistical Analysis are in reference to the outcome of interest, Discharge Destination
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the greatest effect for those aged 75 years and older
(Fig. 3). Increased BMI was also able to be included for
review in 3 studies [22–24], with those in the severely
obese (≥40 kg/m2) category having the highest likelihood
of IRF discharge (Fig. 4).
Clinical factors
Studies varied in their reporting of patient comorbidities.
CCI was reported in 3 studies but due to methodological
heterogenicity could not be meta-analysed [22–24]. The
CCI quantifies an individual’s burden of disease and
corresponding 1-year mortality risk, with a lower score
equalling a lower risk [28]. Figure 5 shows a trend was to-
wards a higher CCI being more predictive of IRF
discharge.
Behavioural factors
Smoking status (non-smoker or currently smoking) was
reported on in 3 studies and was included in meta-
analysis [22, 23, 27]. Smoking showed an overall de-
creased likelihood of IRF discharge (OR = 0.80; 95% CI













Anoushiravani Low Low Low Low Moderate Low
Crawford Low Low Low Low Moderate Moderate
D’Apuzzo Low Low Low Low Moderate Low
Murphy Low Low Low Low Low Low
Prohaska Low Low Low Low Low Low
Rissman Low Low Low Low Low Low
Sayeed Low Low Low Low Moderate Moderate
Schwarzkopf Low Moderate Low Low High Low
Sikora-Klak Low Low Low Low Moderate Low
Study participation = the representativeness of the study sample; Study attrition = whether participants with follow-up data represent persons enrolled in the
study; Prognostic factor measurement = adequacy of prognostic factor measurement; Outcome measurement = adequacy of outcome measurement; Study
confounding = potential confounding factors; Statistical analysis and reporting = the appropriateness of the statistical analysis and completeness of reporting
Table 4 Intrinsic Patient Factors Predictive of Inpatient Rehabilitation Discharge
Anoushiravani Crawford D’Apuzzo Murphy Prohaska Rissman Sayeed Schwarzkopf Sikora-Klak Total
Age (older) – ✓✓ – ✓✓ ✓✓ ✓✓ – ✓✓ b ✓✓ 6/6
ASA (higher) – ✓✓ – ✓ – – – – – 2/2
BMI (higher) ✓ a,b xb ✓b ✓✓ ✓✓ ✓✓ xb – – 5/7
CCI (higher) – – – ✓✓ ✓✓ ✓✓ – ✓✓b 4/4
Diabetes (yes) – – – – – – – – ✓✓ 1/1
Gender (Female) – – – ✓✓ ✓✓ ✓✓ – ✓✓b ✓✓ 5/5
Ethnicity (non-caucasian) – – – – – – – ✓✓ – 1/1
Hb (lower) – – – – ✓✓ – – – – 1/1
Knee ROM (lower) – – – – – x – – – 0/1
SES (lower) – – – ✓✓ – – – – – 1/1
SF-12/VR-12 (lower) – – – ✓✓ ✓✓ ✓✓ – – – 3/3
Smoking (yes) – – – ✓✓ x – – – ✓ 2/3
VTE History (yes) – – – – – – – – ✓✓ 1/1
Abbreviations: ASA American society of anesthesiologists, BMI body mass index (kg/m2), CCI Charlson comorbidity index, Hb Hemoglobin, ROM range of motion,
SES socioeconomic status, SF-12 12 item Short Form Health Survey (physical component score), VR-12 Veterans RAND 12 Item Health Survey, VTE
Venous thromboembolism
aBMI < 19 kg/m2 (Underweight patients)
bFactor not able to undergo pooled analysis due to statistical reporting heterogeneity
✓✓ = Factor significant in multivariable analysis ✓ = Factor only significant in univariate analysis x = Factor not significant in univariate analysis – indicates that a
factor was not assessed
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Fig. 2 Meta-analysis showing the adjusted odds ratios and 95%CI of a random effects (RE) model for likelihood of discharge to IRF for females
compared to males. Unadjusted odds ratios with 95%CI are also reported
Fig. 3 Adjusted odds ratios and 95%CI showing likelihood of discharge to IRF with older age. Unadjusted odds ratios with 95%CI are
also reported
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Fig. 4 Adjusted odds ratios and 95%CI showing likelihood of discharge to IRF with increase in BMI. Unadjusted odds ratios with 95%CI are
also reported
Fig. 5 Adjusted odds ratios and 95%CI showing likelihood of discharge to IRF with higher CCI. Unadjusted odds ratios with 95%CI are
also reported
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0.42–1.50), however, heterogeneity of the studies was
moderate (I2 = 68.5%) (Fig. 6).
Patient reported outcome measures
A self-reported measure of physical function was
assessed in 3 [22–24] of the 9 included studies, and due
to the similarity of the design and scoring systems of the
SF-12 and VR-12 it was decided to combine the results
of these tools (Fig. 7) [29, 30]. Only 1 study, Prohaska
et al., demonstrated a consistent association with IRF
discharge related to lower self-reported physical func-
tion, with the other included studies showing the rela-
tionship to be more unclear.
Fig. 6 Meta-analysis showing the adjusted odds ratios and 95%CI of a random effects (RE) model for the effect of smoking on discharge to IRF.
Unadjusted odds ratios with 95%CI are also reported
Fig. 7 Adjusted odds ratios and 95%CI showing likelihood of discharge to IRF with lower VR-12 score. Unadjusted odds ratios with 95%CI are also
reported. ★The SF-12 Health Survey was used.
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Discussion
This systematic review and meta-analysis demonstrates
that it is difficult to develop predictive models for intrin-
sic patient factors associated with IRF discharge based
on the current existing literature. The large degree of
heterogeneity and wide variation of statistical analysis
and reporting across the included studies precluded
meta-analysis for all but 2 variables. Two included factors
underwent meta-analysis, gender and smoking (Figs. 2
and 6). There was a clear association between female gen-
der and likelihood of IRF discharge, however, the relation-
ship between smoking status and IRF discharge was less
certain due to the heterogeneity of the studies included in
the smoking meta-analysis (I2 = 68.5%). For the other in-
trinsic patient factors included in this review, the strongest
trends for discharge to IRF were older age, greater comor-
bidity or the severely obese. A worse self-reported physical
function was not consistently associated with an increased
risk for IRF discharge.
Although to our knowledge this is the first systematic
literature review and meta-analysis where the primary
outcome of interest is discharge destination, systematic
reviews on patient factors predictive of increased length
of hospital stay following TJA have been published [31,
32]. The patient risk factors found in this review that
trended towards an increased likelihood of discharge to
IRF, are similar to those reported for increased length of
stay, including female gender, older age, increased co-
morbidities and higher BMI [31, 32].
A limitation of this review is that the studies included
were mostly of retrospective design and all utilised large
medical databases as the source of patient predictors. The
use of large databases for analysis has been reported as
having limitations such as coding bias [33]. Additionally,
using a retrospective cohort design limits the investigation
to only variables recorded at that time. It is likely that
other surgical, psychological and sociological variables
could be predictive of discharge destination, however, if
this information is not available at the time of retrospect-
ive data collection then it will not be included in analysis.
In terms of sociological factors, insurance status has been
shown to be predictive of IRF discharge [34], however,
due to the international variability of insurance models
this was excluded from analysis.
One psychological variable that has been shown to be
predictive of discharge destination following TJA is patient
expectation [35]. Halawi et al. found that a patient’s pre-
operative expectation of their discharge destination was the
strongest predictor of actual discharge destination even
when adjusted for other variables such as age and caregiver
assistance. As this study did not separate TKA from total
hip arthroplasty it was not eligible for inclusion in this re-
view, but it does highlight the need for more studies
incorporating patient belief systems into predictive model-
ling for IRF discharge.
With a growing body of evidence suggesting that IRF
discharge following routine primary TKA is not superior
to home discharge, further prospective high-quality
studies investigating the patient factors that are predict-
ive of discharge destination are needed. Previous studies
have assessed patient factors by retrospectively accessing
medical records, however, many of these are non-
modifiable such as age and gender. With significantly in-
creased costs associated with IRF when compared with
home discharge after TKA, modifiable patient factors
such as BMI and patient expectation should be given
priority in future investigations.
Conclusion
This systematic review and meta-analysis illustrates that
although literature exists on investigating which intrinsic
patient factors are predictive of IRF discharge, there is
large variation in statistical methods and reporting. Female
gender and smoking were two patient factors able to be
included in this meta-analysis, with female gender shown
to be predictive of IRF discharge, however, the relation-
ship between smoking and discharge destination was less
certain. There was also a trend for those of older age, in-
creased comorbidity or in a severely obese category to
have an increased likelihood of IRF discharge.
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